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PEEFAOE. 



This little book has a twofold claim upon those 
concerned in the work of education. 

In the first place, it introduces the beginner to 
the study of Botany in the only way it can be prop- 
erly done — ^by the direct observation of vegetable 
forms. The pupil is told very little, and from the 
beginning, throughout, he is' sent to the plant to get 
his knowledge of the plant. The book is designed 
to help him in this work, never to supersede it. In- 
stead of memorizing the statements of others, he 
brings report of the living reality as he sees it; 
it is the things themselves that are to be exam- 
ined, questioned, and understood. The true basis 
of a knowledge of Botany is that familiarity with 
the actual characters of plants, which can only be 
obtained by direct and habitual inspection of them. 
The beginner should therefore commence with the 
actual specimens, and l^am to distinguish those ex- 
ternal characters which Le open to observation ; the 
knowledge of which leads naturally to that arrange- 
ment by related attributes which constitutes classifi- 
cation. 

54! /;)3 



IV PREFACE. 

But the present book has a still stronger claim to 
attention ; it develops a new method of study vrhich is 
designed to correct that which is confessedly the deep- 
est defect of our current education. This defect is the 
almost total lack of any systematic cultivation of the 
observing powers. Although all real knowledge 
begins in attention to things^ and consists in the dis- 
crimination and comparison of the likenesses and dif- 
ferences among objects ; yet, strange to say, in our 
vaunted system of instruction there is no provision 
for the regular training of the perceptive faculties. 
That which should be first and fundamental is hardly 
attended to at alL We train in mathematics, and 
cram the contents of books, but do little to exercise 
the mind upon the realities of Nature, or to make it 
alert, sensitive, and intelligent, in respect to the order 
of the surrounding world. 

Something, indeed, has been done in the way of 
object-teaching, although but little that is satisfectory. 
These exercises are notoriously loose, desultory, inco- 
herent, and superficial, and hardly deserve the name 
of mental training. What is wanted is, that object- 
studies shall become more close and methodic, and 
that the observations shall be wrought into connected 
and organized knowledge. It is the merit of Botany 
that, beyond all other studies, it is suited to the 
attainment of this end. Plants furnish abundant 
and ever-varying materials for observation. The ele- 
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mentary facts of Botany are so simple that their 
study can be commenced in early childhood, and 
so numerous as to sustain a prolonged course of 
observation. From the most rudimentary facts the 
pupil may proceed gradually to the more complex ; 
from the concrete to the abstract ; from observation 
to the truths resting upon observation, in a natural 
order of ascent, as required by the laws of mental 
growth. The means are thus furnished for organ- 
izing object-teaching into a systematic method, so that 
it may be pursued continuously through a course of 
successively higher and more comprehensive exercises. 
Carried out in this way. Botany is capable of doing 
for the observing powers of the mind what mathe- 
matics does for its reasoning powers. 

Moreover, accuracy of observation requires accu- 
racy of description ; precision of thought implies pre- 
cision in the use of language. Here, again. Botany 
Has superior advantages. Its vocabulary is more 
copious, precise, and well settled, than that of any 
other of the natural sciences ; it is thus unrivalled in 
the scope it offers for the cultivation of the descrip- 
tive powers. 

On purely mental grounds, therefore, and as a 
means of attaining the most needed of educational 
reforms. Botany has a claim to be admitted as a 
fourth fdndamental branch of common-school study ; 
and the hope of contributing something to this end 
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has been the author's main incitement in the prepa- 
ration of this rudimentary work. 

It is needfiil here to state that the method of in« 
Btruction developed in these pages is no mere educa- 
tional novelty ; it has been tested, and its fitness for 
the end proposed has been shown in practice. The 
schechde feature which is here fully brought out, and 
which is its leading peculiarity as a mode of study, 
was devised and successfully used by Prof. J. Si 
Henslow, of Cambridge, England. My attention 
was first drawn to it as I was looking about in the 
educational department of the South Kensington 
Museum, in London. In a show-case of botanical 
specimens, I noticed some slates covered with child- 
ish handwriting, which proved to be illustrations of 
a method of teaching Botany to the young. They 
were furnished by Prof. Henslow for the Interna- 
tional Exhibition of 1851. He died without pub- 
lishing his method, but not without having subjected 
it to thorough practical trial. He had gathered 
together a class of poor country children, in the 
parish where he oflBiciated as clergyman, and taught 
them Botany by a plan similar to the present, though 
less simplified. The results of this experiment have 
been given to the public by Dr. J. D. Hooker, Su 
perintendent of the Botanical Gardens at Kew, who 
was summoned to give evidence upon the subject 
before a Parliamentary Commission on Education. 
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The following interesting passages from his testi- 
mony will give an idea of Prof. Henslow's method 
of proceeding and its results : 

Qtiestian, Have you ever turned your attention at all to the 
possibility of teaching Botany to boys in classes at school ? 

Answer. I have thought that it might be dQue very easily ; 
that this deficiency might be easily remedied. 

Q. What are your ideas on the subject ? 

A. My own ideas are chiefly drawn from the experience of 
my father-in-law, the late Prof. Henslow, Professor of Botany 
at Cambridge. He introduced Botany into one of the lowest 
possible class of schools — ^that of village laborers' children in 
a remote part of Suffolk. 

Q. Perhaps you will have the goodness to tell us the sys- 
tem he pursued ? 

A, It was an entirely voluntary system. He offered to en- 
roll the school children in a class to be taught Botany once a 
week. The number of children in the class was limited, I 
think, to forty-two. As his parish contained only one thou- 
sand inhabitants, there never were, I suppose, the full forty-two 
children in the class ; their ages varied from about eight years 
old to about fourteen or fifteen. The class mostly consisted 
of girls. ... He required that, before they were enrolled in 
the class, they should be able to spell a few elementary botani- 
cal teTms, including some of the most difficult to spell, and 
those that were the most essential to begin with. Those who 
brought proof that they could do this were put into the third 
class ; then they were taught once a week, by himself generally, 
for an hour or an hour and a half, sometimes for two hours 
(for they were exceedingly fond of it). 

Q. Did he use to take them out in the country, or was it 
simply lessons in the school ? 

A, He left them to collect for themselves ; but he visited 
his parish daily, when the children used to come up to him, 
and bring the plants they had collected ; so that the lessons 
went on all the week round. There was only one day in the 
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week on which definite instraction was given to the class ; but 
on Sunday aftei^ioon he used to allow the senior class, and 
those who got marks at the examinations, to attend at his 
house. . . • 

Q. Bid he find any difficulty in teaching this subject in 
class? 

A, None whatever ; less than he would have had in dealing 
with almost any other subject. 

Q, Do you know in what way he taught it? did he illus- 
trate it ? 

A, Invariably ; he made it practical He made it an ob- 
jective study. The children were taught to know the plants, 
and to pull them to pieces ; to give their proper names to the 
parts ; to indicate the relations of the parts to one another ; 
and to find out the relation of one plant to another by the 
knowledge thus obtained. 

Q. They were children, you say, generally from eight to 
twelve ? 

A, Yes, and up to fourteen. 

Q. And they learned it readily ? 

A. Readily and voluntarily, entirely. 

Q, And were interested in it ? 

A. Extremely interested in it. They were exceedingly fond 
of it. 

Q. Do you happen to know whether Prof Henslow thought 
that the study of Botany developed the faculties of the mind 
— ^that it taught these children to think ? and do you know 
whether he perceived any improvement in their mental facul- 
ties from that ? 

A. Yes ; he used to think it was the most important agent 
that could be employed for cultivating their faculties of obser- 
vation, and for strengthening their reasoning powers. 

Q. He really thought that he had arrived at a practical re- 
sult? 

A. Undoubtedly; and so did every one who visited the 
school or the parish ? 

Q. They were children of quite the lower class ? 

A. The laboring agricultural class. 



PREFACE. IX 

Q. And in other branches receiving the most elementaiy 
Instruction t 

A. Yes. 

Q. And Prof Henslow thought that their minds were mort 
developed ; that they were become more reasoning beings, firom 
having this study superadded to the others ? 

A. Most decidedly. It was also the opinion of some of the 
inspectors of schools, who came to visit him, that such chil- 
dren were in general more intelligent than those of other 
parishes ; and they attribute the difiference to their observant 
and reasoning faculties being thus developed. . . . 

Q. So that the intellectual success of this objective study 
was beyond question t 

A. Beyond question. ... In conducting the examinations 
of medical men for the army, which I have now conducted for 
several years, and those for the East-India Company's Service, 
which I have conducted for, I think, seven years, the questions 
which I am in the habit of putting, and which are Tiot an- 
swered by the majority of the candidates, are what would have 
been answered by the children in Prof fienslow's village- 
schooL I believe the chief reason jto be, that these students' 
observing faculties, as children, had never been trained — such 
fjEMiulties having lain dormant with those who naturally pos- 
sessed them in a high degree ; and having never been de- 
veloped, by training, in those who possessed them in a low 
degree. In most medical schools, the whole sum and sub- 
stance of botanical science is crammed into a few weeks of lec- 
tures, and the men leave the class without having acquired an 
accurate knowledge of the merest elements of the science. . . . 

The printed form or sched/ule contrived by Prof 
Henslow, and used in these classes, applied only to 
the flower, the most complex part of the plant, and 
the attention of children was directed by it chiefly to 
those features upon which orders depend in classifica- 
tion. But, mstead of confining its use to the study 
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of a special part of plant-structure, it seemed to me 
to apply equally to the whole course of descriptive 
Botany, and to be capable of becoming a most 
efficient instrument of regular observational train- 
ing. I accordingly prepared a simplified series of 
exercises on this plan, and used them to guide some 
little children in studying the plants of the neigh- 
borhood; and, had this experiment not been re- 
garded, by those who witnessed it, as a success, the 
book embodying these exercises would not now ap- 
pear. 



The successful experience here referred to, which 
led to the publication of this book, has now been de- 
cisively confirmed by .the public after a year's trial 
with it. It has had an extensive sale, has been in- 
troduced into many schools of all grades, has been 
much used by private students, and has been ap- 
proved with a unanimity and earnestness quite un- 
precedented in the history of school-books based upon 
new methods of teaching. 

A new edition now appears, with several additional 
chapters treating of the seed, germination, buds, the 
aspects of woody plants, etc. The descriptions will 
here be more full and general, but the plan of de- 
scribing only the results of actual observations is still 
adhered to. Questions are asked, but no answers are 
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given ; these are to be got by direct inspection of the 
objects. Some simple experiments for the children 
to make are introduced, and they will now be more 
occupied in watching the changes which take place 
in the different parts of plants. 

In arranging a course of observations for begin- 
ners in Botany, only those have been selected which 
may be made with the naked eye. In another book 
now in preparation the same plan of schedule study 
will be carried out, and provision made for more 
close and extended observations, requiring the help 
of magnifying-glasses. 

There have been attempts to teach classes by the 
schedule method of this work by means of the black- 
board, and without the book, but all such attempts 
are violations of the method. Botany cannot be 
" taught " by this system, for the very essence and 
soul of it is that the pupil is himself to find out what 
he wants to know. For repetition, comparison, and 
verification, constant reference to past exercises is 
required, which makes it indispensable that plant 
and book should go together. Only as a manual of 
practice, in individual observation, can the present 
work subserve the purpose for which it was pre- 
pared. 
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The essay on the EDucAnoNAL Claims op Botany, 
whioh was appended to former editions of this work, is 
withdrawn from the present edition. Believing it to be a 
very important addition to our educational literature, and 
that they can in no way better subserve the interests of 
sound progressive education, the publishers have reprinted 
the argument in a neat pamphlet for gratuitous distribu- 
tion. The object of the essay is to trace the laws of 
mental growth, to explain the method of education which 
these laws require ; and to show the special adaptation 
of Botany to carry out that method in the systematic cul- 
tivation of the observing powers. 

The pamphlet treats of the following subjects : 

L How the body grows. 
IL How the mind grows, 
ni. Extent of early mental growth. 
IV. Nature's educational method. 
V. Deficiency of existing school-methods, 
VL What is now most needed. 
Vn. Advantages oflfered by Botany. 
Vni. Defects of common Botanical study. 
IX. Aims of the present work. 

Sent by mail to any part of the country on receipt of 
postage-stamp. 



SUGGESTIONS TO TEACHERS. 

Thb method to be pursued by the aid of this book is th€ 
following : The child, whether at home or at school, first of 
all collects some specimens of plants — almost any will answer 
the purpose in commencing. These consist of organs, each 
of which is made up of different parts, and these vary in form 
and structure continually in dififerent species. The object of 
the learner is to find out these parts or characters, and to 
learn their names, so as to be able to describe them. 

The beginner, of course, must start with the simplest char- 
acters. Turning to the first exercises, for example, he finds 
the parts of leaves represented by pictures accompanied by 
the names applied to them. Guided by these, he refers to his 
specimens, and Jinds the real things which the pictures and the 
words represent. When a few characters are fixed in the mind 
by two or three exercises, he will commence the practice of 
noting dotonwliB.t he observes. For this purpose a form, or 
schsdtUe, is used, containing questions which indicate what he 
is to search for. Models of these schedules, filled out, are 
given in the successive exercises : the pupil will make them 
for himself with pencil and paper.''' He now carefully observes 
his specimen, and writes down the characters it possesses, with 
which he has thus far become acquainted. Having done this, 
he pins the specimen to the paper describing it, and brings it 
to the teacher as the report of his observation and judgment 
in the case. 

* I hare thought it desirable also to present the whole set, at the end of 
the Tolume, with the answers omitted, to illastrate at a glance the scope of 
this first series of obsenratlons. As the pnpil is to be constantly engaged in 
9ch£duU praeUoe, and as the schednles are not to be preserved, the cheapest 
kind of paper will answer, and it can be of course used on both sides. Slates 
will do Jnst as well ; but then the description must be nnmbered, and a ^orre- 
tponding nunber attached to the specimen, so that they can be compared b]f 
the teacher. 
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This operation is constantly repeated upon varying forms, 
and slowly extended by the addition of new characters. He 
thus goes on discoyering new parts and acquiring their names 
— ^noting the variations of these parts and the names of their 
variations. The schedules guide him forward in the right 
direction, and hold him steadily to the essential work of ex- 
ercising his faculties upon the living objects before him. In 
every fresh collection of plants, new parts and new relations 
will solicit the attention, and will have to be observed, com- 
pared, and recorded. Particular kinds of plants, let it be 
remembered, a/re not described in the took — they are not even 
named ; the object is, by constant practice and repetition, to 
train the pupil to find out the characters of any that come 
in his way, and make his own descriptions. 

An acquaintance with Botany, although of course de- 
sirable, is not indispensable in using these exercises. Any 
teacher or parent who is loilling to take the necessa/ry pains can 
conduct the children through them without difficulty ; and if 
they will hecomi^ fellow-students with them all the better. The 
child is not so much to be taught^ as to instruct himselfl The 
very essence of the plan is, that he is to make his ovm way, 
and rely on nobody else ; it is intended for self-development. 
Mistakes will, of course, be made ; but the whole method is 
self-correcting, and the pupil, as he goes forward, will be con- 
stantly rectifying his past errors. The object is less to get 
perfect results at first than to get the pupil^s opinion upon the 
basis of his own observations. 

Children can begin to study plants successfully by this 
method at six or seven years of age, or as soon as they can 
write. But close observations should not be required from 
young beginners, nor the exercises be prolonged to weariness. 
The transition from the unconscious and spontaneous observa- 
tions of children to conscious observation with a definite pur- 
pose should be gradual, beginning and continuing for some 
time with the easiest exercises upon the most simple and obvi- 
ous characters. 
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CHAPTER I. — THE LEAP. 

Thb pupil will sec from. the picture what is to be doBe first, 
and how we are to proceed in commenciug the study of planta. 
Having collected some specimens, let us begin with the leaf. On 
these printed leaves there is a language which children hare 
already learned ; there is also a language written by Nature on 
the katet that grow : we will now learn to read that. 
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EXERCISE I. 

The Farta of a Leaf. 

The banner will gather eome leaveg, and find 
out the names of their parte by comparing them with 
the picture. 



'' SUpatee. 

Blade. — The flattened green part of the leaf. 
Pbt'iolk. — The leaf-Btalk. 

STip'uLBa. — Small bodies at the base of the petiole, 
that look more or less like leaves. 

SoTEB roB Tbaohrbb The exercises begin with leaves, be- 
cause tbej are the Bimplest and the most common parts of 
plants, and because the; iiresent the greatest variety of forms, 
and are most easilj procured. The aim of the first exerdse is 
to teach the parts of a leaf and their names. It is likelj that 
Uie firat gathering of leaves will be done oarelesslj, and that, 
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EXERCISE n. 

The Porta of a Qrass-Leaf. 

Gatoeb a handful of grass and see if you can find 
(he parts shown in Fig. 2. 



Blade, — The flattened upper part of the leaf. 
Sheath. — A leaf-stalk Burrounding the stem. 
Lig'ule, — The. scale-like stipule often seen be- 
tween the sheath and the blade. 

when compared with Fig. 1, the Bpecimens will be foimd lacking 
in some of the parte there seen. This will make it necessaty to 
repeat the exercise. At the second trial the leavea will be polled 
with more care, and the pupil will seek for those having all the 
parts seen in the picture. Let him point out the parte in each 
of his spetnmena, and give them their names, repeating the pro- 
cess till he can do it withoat bedtation or mistake. 
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EXERCISE lU. 
VetutHon. 

Vena'tion, — The lines Been upon the leaf-blade 
are called its venation. 

Hold up a leaf between your eye and the light, 
and, if yon see a net-work of irregular lines, it m a 
net-veined leaf ; bnt, if you see no such net-work, as 
in Fig. i, it is a parallel-veined leaf. 



A Net-TClned Leaf. A Parallel-Feined Leaf. 

Looking and Observing.— There are plenty of 
boys and girls who have always lived in a garden, 
and yet, if you asked them the difference between a 
potato-leaf and a bean-leaf, they could not tell you. 
They have looked, at potato-plants and bean-plants 
often enoiigli, bnt they have never observed them. 
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Wlen we observe a thing, we not onlj look at it, 
but, as we look, we think particularly about it. For 
instance, after these exercises, when you look at a 
leaf, jou will think, what parts has it ? and, is it net- 
veined or not! Tou will (^serve these particulars 
about it. 

The ScHEonLE. — That you may be sure to look 
at plants with care, and that your teacher may see 
what you think about them, little diagrams, called 
schedules, are used, in which you are to write down 
what you observe. They have questions written 
upon them, which you are to answer by studying the 
plants themselves. 



Parts! 


M^e^. -Mi^, ^ie^^. 


Venation ! 


QMe-'Veitnn^. 



NoTB. — It will be observed tbat tbe attention of the child 
is reatricted to one adiiitional point at each exercise. This 
will prevent the confusion of ideas which is liable to arise 
when several new features of plant-structure are presented to 
the mind at the same time. 
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Here is such a schedule about Fig. 5. On the 
left, two words are printed with interrogation-points, 
which show that they are questions. The word 
Parts ? means, what parts has this leaf? The word 
Venation? means, what is its venation? The an- 
swers to these questions are found by looking at the 
picture, and they are then written in the schedule as 
you see. 

Take a sheet of ruled paper, and make a vertical 
pencil-mark an inch or two from the left edge ; at 
the left of this mark write the questions. Parts? 
Venation ? Now examine a real leaf, and opposite 
the question. Parts? write what parts you find. 
Look again at its venation, and write the answer 
to this question also. Pin each leaf upon the paper 
that describes it, and hand the collection to the 
teacher, to see if you have observed correctly. 



EXERCISE IV. 
The Framework and its Bart8. 

The lines upon the blade of a leaf, shown in Fig. 
6, are made by its framework. The spaces between 

Note. — A word of cantion is here necessary against mis- 
taking the purpose of this hook for that of common hotanies. 
The aim of ordinary hotanical teaching is simply to impart to 
pupils a knowledge of plants. In our schools the ambition of 
both teacher and pupil is to get something done as quickly as 
possible that will show proficiency. Hence the early attempts 
at the classification of plants and the consequent precipitation 
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these lines, which are darkened in Fig, 7, are, in the 
living leaf, filled with green matter. 



You know the names of ^"'- ^■ 

the parte of a leaf, and the 
two following pictures will 
show jon what to call the ^ 

different parte of the frcrnie- 
work. 

EiBs. — The Btoutest 
pieces of the framework that 
hegin at the petiole and 
reach quite across the blade, 
are called WJs. "WTien there 
IB but one, aa in Fig, 8, it is 
called a tnidrib. 

of the pupil into the complexities of the subject before the 
rinpler portione bare been aufficienti; mastered. 

Now, the aim of this book is careftiUy to guard against sneh 
a resolt. These first observations are made without reference 
to those combinationB of characters bf which plants are identi- 
fied as beloQf^g to a particular order, genua, or species. One 
of our aims is to learn the elemeiitai? i&ots so thoroughly an4 
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TEma. — The branches of the ribe are called veins. 
Vein'lets, — The branches of the veias are called 



EXERCISE T. 

Feather-veined and Palmate-veined Leaves, 

If you have carefiilly compared a few living leaves 
with Figs, 8 and 9, joa know the difference between 
ribs and veins. 

fainiliftriy that we may be prepared to go forward and nae them 
afterward. We first study the parts of planta one after another, 
on account of what they offer directly to observation. When 
the characterB of leaves, atems, flowers, eto., have become 
familiar, their relations to each other in different plants, which 
are usoally thmst upon the attention at the outset of stndy, 
will ooms to be seen with little effort. Tliis spontaneoaa action 
will be sure to oocnr as soon as the pnpil is prepared for it. 
All that need be done, therefore, is to keep the elements of 
the aabjeot before the mind, and to acquire the nse of aooarate 
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Now, when a leaf has but one rib — a '•*■ '"■ 
midrib — which gives off veins right and 
left, like Fig, 10, making it look some- 
thing like a feather, it is called a feather- 
veined leaf; and when several ribB pa^s 
across the blade 
'^ '^ in a spreading 

fashion, as in 
Fig. 11, the 
leaf is said to 
be palmate- 
veined. Who- 
ever named it 
BO, mnst have 
thought the riba 
looked like the 
spread-out fingers branching off from the palm of 
the hand. 

If a leaf is net-veined, it wil] be in one of these 
two fashions. It will be either feather-veined or 
palmate-veined. In answering the question Vena- 
tion i in your schedule, yon may now state whether 
the leaf in hand is feather- veined or palmate- veined. 

Ton may aometimea be troubled to decide whether 
a leaf is feather-veined or palmate-veined. Large 
Teina near the baae sometimes look very much like 
riha. Compare your leaf carefully with the pictures 
and definitions, and write your opinion in the sehed- 
ole. Ton may make mistakes at first, but further 
observation will enable yon to correct them. 

terms in description, without troubling ouraelvea atmnt the 
higher growths of the Mience. 
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* 

EXERCISE VI. 
Margins. 

Mabgin. — Thb edge of a leaf-blade is called its 
ma/rgm. 



Fio. 13. 



Fio. 18. 





Entire. 



Senate. 



An Entieb margin is even and smooth, like Fig. 12. 
A Ser'eatb margin has sharp teeth pointing for- 
ward like a saw (see Fig. 13). 



Pio. 14. 



Fig. 15. 



Fia. 16. 






Dentate. 



Dentate. 



Crenate. 



A Den'tate margin has sharp teeth pointing ont- 



ward. rigs. 14 and 15 are different forms of Dentate 
margin. 

A Ceb'iiatb mai^in has broad, rounded notches, 
like Fig. 16. 




In Ebpand' (Watt) margins the edge curves ont- 
ward and inward, as in Fig. 17, 

Such deep notches as are seea in Fig. 18 form 
lobes. 

Each of these different kinds of mai^n varies In 
many ways, and some of the variations are important 




Ooanelf Senate. 



in description. For instance, serrate mai^ns are 
sometimes Coabsely Sberate (Fig. 19), Fotbi.t Seb- 
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BATE (Fig. 20), Doubly Serrate (Fig. 21), and Uiir- 
EVENLY Serrate (Fig. 22). 





Doubly Serrate. 



Unevenly Serrate. 



Fig. 38. 



v^ 



Look out for the same kinds of variation among 
crenate margins. Fig. 23 shows you a Finely Cre- 
nate margin. Doubly cre- 
nate margins are very com- 
mon. 

Dentate margins are 
coarse, fine, double, and also 
uneven. 

You will sometimes find 
two kinds of margin on the 
same leaf. Part of the notches may be serrate and 
part dentate, and this forms a serrate-dentate margin. 
If some of the notches are crenate and some serrate, 
it will be crenate-serrate, and so on. 

In answering the new question. Margin ? which 
you will find in the next schedule, you must look 
closely, for all these different forms, and get familiar 
with the terms by which they are described. 




Finely Crenate. 



TEE LEAF. 



Parts! 


SS&,/e, ^4ea<4. ^ui. 


Tenationl 


!m,ia&£v.ineJ. 


Margin! 


SfUiU. 



THE FIEST BOOK OF BOTAHY. 

EXERCISE Vn. 



The Babe of a leaf is its lower or attached end. 
Bases are 

Coe'date (Heaet-shaped). — Shaped like a heart, 
at the base. Fig. 25. 




Ren'ifoem*(Kidnb Y-shaped). — Shaped like a kid- 
ney. Broader tlian long. Fig, 26. 

AcEio'uLATE (Eae-shaped). — With small, rounded 
lobes at the base. Fig. 27. 




Has'tate (Halbert - shaped). — With spreading 
lobes at tlie base. Fig. 28. 

Sag'ittate (Aekow-shaped). — ^With sharp lobes at 
the base pointing backward. Fig. 29. 

* Bj BODie, this term is applied ontj to the whole leaf. 
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Oblique'. — ^With one side of the base larger and 
lower than the other. Fig. 30. 

Tapering. — ^Where the blade tapers off at the 
base. Fig. 31. 



Fig. 82. 





Fie. 84 




Clasping. — Where the base folds around the stem 
of the plant. Fig. 32. 

Connate'. — Where the bases of two leaves grow 
together around the plant-stem, as in Fig. 33. 

Deoue'rent. — ^Where the lower part of the mid- 
rib grows to the plant-stem, as in Fig. 34:. 



Note. — Children will, of course, get leaves from the same 
plants, and describe them over and over again as they pass on 
from schedule to schedule. A few plants will obtrude them- 
selves upon the attention, and each day the pupil will gather 
leaves from these alone. At first they will have very little 
enterprise in searching for new specimens, but will be con- 
tent with whatever is easiest. These will serve perhaps as 
well as any to illustrate the new character brought out by 
the new schedule, but the repetition of old observations upon 
them will require but little effort of the attention. This repe- 
tition of observations upon the same varieties of leaves is 
proper and desirable, but not sufficient for our purpose. As the 
wealth of varied forms that plants present is to be our means 
of educating the observation, it is indispensable that our re- 
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Fia. 85. 




SCHBDXTIJi ThIBD, DBtOBIBIirO FlO. 86. 



Parts? 


^^^, (^e^wA 


Venation ? 


Q^eamei'VetTie{/, 


Margin ? 


0n^ie, 


Base? 


c/tianUu ^Aeitna. 



The base of Fig. 35 is much less tapering than 
Fig. 31. You will find all degrees, in this respect, 
from very blunt to very tapering. You wiU also 
be likely to find many leaves to which none of 
these pictures apply. In such cases you may 
write, I do not know, in the schedule, and wait 
till further exercises have shown you how to de- 
scribe them. 



sources shall be as extensive as possible. Teachers should there- 
fore press beginners and negligent pupils about looking for 
new specimens. After a little time, such pressing will, in most 
cases, be unnecessary ; for, when the interest and pride of 
a child are awakened by success in describing plants, he will 
take increasing pains to find new subjects for description. 
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EXERCISE YHL 



Apices. 



The Apex of a leaf is its top, or free end. 



Fia. 80. Fia. 87. 



Fio. 88. 



Fia. 89. 



Fio. 4a 





The Apex of a leaf may be : 

Acute'. — Simply ending witli a point. Fig. 36. 

Acx/mik ATE. — ^Ending with a long tapering point. 
Fig. 37. 

Oftuse'. — Blnnt. Fig. 38. 

TeWcate. — Cut off at the apex. Fig. 39. 

Eetuse'. — ^With the end rounded inward. Fig. 
40. 



Fio. 41. 



Fio. 43. 



Fio. 43. 



Fio. 44. 







Obcob'date. — Heart-shaped at the apex. Fig. 41. 

Emae'ginatb. — ^With a small notch at the apex. 
Fig. 42. 

Mt/cronate. — Tipped with a stiff, sharp point. 
Fig. 43. 

Cus'piDATE. — Suddenly ending with a sharp, slen- 
der point. Fig. 44. 
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Tlio words acute, acuminate, and obtuse may be 
lined to describe bases ae well as apices, and, when we 
winli to aay that a shape ie lees acute or less acumi- 
nate than Fif^s. 36 and 37, we may say it is sub-acuto 
or sub-acuminate, as in the schedule to Pig, 45, 



.B FODBTB, SEBCRIBUia FlO. 46. 



Parts) 


^<4,4 ;^&,4 .%«^. 


Venation ? 


OAei'veinet/, (^eatdei^veined. 


Margin? 


Sei,ia/e. 


Ease! 


muie. 


Apext 


Sru^-acuie. 



THE LEAF, 

EXERCISE IX. 
Forma of Lobes. 



Ths most striking difference in lobed leaves is the 
one seen in contrasting Fig, 46 with Fig. 47. It will 
be quite enough to ask of jonng banners that they 
report whether the lobes of a leaf are rounded or acute. 




Ronnded Lobes. AcnW Lobee. 

But there may be older pupils who .could profit- 
ably go farther in observing the lobes of leaves. They 
vary much in size and shape, and are rarely all alike 
upon the same leaf. The lobe at the apex of a leaf 
is called the Terminal lobe, and is usually unlike all 
the others. The two lobes at the base are called 
haaal lobes, and these also are usually unlike all the 
rest ; for any pupils who would desire fuller observa- 
tions upon lobes, a schedule might be prepared with 
two additional lines and the two questions, Terminal I 
and Baaal ? added to the present one. It might be 
well in such a case to give the number of lobes upon 
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the leaf, along with their form, in answer to the ques- 
tion Lobes ? While the peculiarities of the terminal 
and basal lobes would be given after these questions. 



Fia. 48. 




SoHEDULS Fifth, dbsobibino Via, 48. 



Parts? 


.^0€a(/ey .^!£e{w^. 


Venation? 


.^!J^///iale't/eine(/, 


Margin? 


<^z^Oe{/. 


Base? 


^oic/ale. 


Apex? 


Q^le, 


Lobes? 


Q^u^e and cfue^^acule. 



In dealing with lobed leaves, you will not always 
find the base and apex so easily described as is Fig. 
53, in the schedule. If they give you trouble, you 
may omit the questions. Base ? and Apex ? 
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EXERCISE X. 
Forma of Sinuaea. 



The Si'nus of a leaf is the Bpace left hetween lobea. 

We represeot here Bome of the most oeual forms 
presented by Sinuses, with the terms describing them 
printed below the pictures. 



-flbtip and deep Slaa 
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Fio. Bt Fia. ». 




Boand, deep 81anB. 

SOBKDDLB Six, DltCBIBDra Fi». t 



Parte! 


M^,, mic^. 


Venation ? 


'.£^&,Snaie=veme(/ 


Margin ! 


aiii^. 


Base! 


Q^ meac/, o/ien ^mt/A. 


Apex! 


Q^cufe. 


Lobes! 


Q^aU. 


Sinuses ! 


S^daiA, u^A^i criei t^/i. 



NoTB. — It will be observed that our exerciaes contain none 
of the deacrtpttona of plants and explanations of their growth 
which usnall; make up tiie text of botanies. These migbt be 
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EXERCISE XI. 
Kinds of Lea/vea. 

Fio. 66. Fio. 67. Fio. 6a 






Sessile Leaf. Stipulate and Petiolate A Petiolate and Bx- 

Tipaf. stipiiiate i<eaf» 

A Ses'sile Leaf is a leaf without a petiole. 
A Stipulate Leaf is a leaf that has stipules. 
A Pet'iolate Leaf is a leaf that has a petiole. 
An ExsTip'uLATE Leaf is a leaf without stipules. 

Li Schedule Seven, it wiU be seen, we have 
dropped the question Parts ? and put Kind ? in its 
place. The words by which you answer this ques- 
tion are very long, but you can soon learn to handle 
them, and by-and-by you will find them much more 
convenient in leaf-description than it will be always 
to give a list of the parts. 

eaalj given, but it would be a departure from our essential 
plan. The work before us — the observation of the external 
characters of plants — ^is itself extensive, and it can only be well 
done by making it at first our sole occupation. To observe 
carefully, to repeat our observations till they are familiar, and 
to acquire the ready and accurate use of the vocabulary of de- 
scription, are the only true foundation of a knowledge of botany ; 
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Fio. 60. 




4^ 



BoHiDULi Seybn, desorebino Fio. 60. 



Kind? 


,^^^ihui/^, S^r^^j^um^e. 


Venation ? 


Q^ealdei't/ecTiea, 


Margin ? 
BaBO? 


^elia^e. 


Q^ute, 


Apex? 
Lobes ? 


Q^umcnale, 




• 

Sinuses ? 


_____^— ^.^___________^__.^-^_— __^— .^_^— ^— 



and we must be caroful not to anticipate the work which be- 
longs to a higher stage of the pnpiFs progress. The accounts 
of tissues, structures, and functions, add nothing to the under- 
standing of plant-forms, and tliey afford proper subjects for 
future exercises in observation, to be given in a second book. 
What we have presented is eminently adapted to childhood, 
when sense-impressibility, and curiosity about appearances are 
strongest, and before the reflective powers are much developed. 
The apparent meagreness of these pages is, therefore, inten- 
tional. They might easily have been filled with interesting 
reading matter about plants, but that would have opened the 
door to lesson-learning and reciting, which is a thing we special- 
ly wish to prevent. 



EXERCISE Xn. 



8htyte» of Leaves. 



CoHPABE leaves that are not lobed witli the first 
three groups of pietureB. 



LEA.VX8 THAT ABB BHOADE8T 1 
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LBA.TE8 THAT ABE BBOADEST AT BASE. 
Fia. 0T. Fia.as. FiO. «*. Pio. TO. 




Onie. LiDCeolate. 




Some of the names here applied to the whole leaf 
have already been used to describe a part of a leaf. 
Por instance, among bases we had the heart-ahaped 
base, and now a particnlar leaf-form is said to be 
heart-ehaped. But it will soon be seen that heart- 
shaped bases may occm* in leaves of very various 
forms, though there is one general form in which the 



the: leap. 
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entire leaf resembles a heart, and is therefore said 
to be cordate. So the base of a leaf may look like 
an arrow, while the rest of it ia very unlike an 
arrow. The apex may be truncate or obcordate, or 
any other fonn rather than the acute ending of an ar- 
rowshaped leaf. Follow the order of the' schedule 
careftilly in your descriptiona till you begin to grow 
famihar with varying leaf-forms, and soon all ap- 
pearance of confiiBion in the use of words will be at 
an end. 



LEAVES THAT ARE BBOADEST AT THE APEX. 
Fib. 74. Fia. 7B. Fia. T8. Fie. T 




Obbm'ceolate. Spatli'nlkte. 

Do not expect to find an exact reproduction in 
Nature of the forms pictured in the book. Ton are 
simply to see which of the pictures your leaf is near- 
est like, and give it the name or the combination of 
names which the comparison seems to justify. 

There are, of course, many leaves that you will 
not at first be able to describe. But if you find a 
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veiy puzzling leaf, to which the Bchednle does not 
seem to apply, you may compare it with the follow- 
ing pictures. Perhaps it will be like one of these, 
and if BO, if yon cannot describe it, you can at least 
leam what to call it. If it is not like any of these 
pictures, It will be best to postpone its study for the 
present. By-and-by you will know better how to 
manage it. 



A Run'oinate leaf is a lobed feather-veined leaf, 
in which the lobes point backwMxl toward the base. 
Fig. 78. 

Bipdjnat'ifid leaves are formed when a deeply- 
lobed feather-veined leaf has its lobes again lobed, as 
in Fig. 79. 

A Fed' ATE leaf is a lobed palmate-veined leaf, in 
which the lobes at the base are lobed again, and give 
the leaf a look like the foot of a bird. Fig. 80. 

Odbled leaves (Fig. 81) are formed by a spread- 
ing of the border of the blade. 




Elduej-Bhaiiea. 






Peltate leaves are ronnd, and have the petiole 
attached near the middle of the under aurfece of the 
Made. Fig. 82. 

A Kidney-shaped leaf is short and hroad, with a 
rounded apex and heart-ehaped base. Fig. S3. 

A Ltbate leaf is a lobed feather-veined leaf, with 
the terminal lohe much larger than the others. Fig. 
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'La.cinu.te leaves are bo Darned because they look 
as if they had been gashed with scisaors. Fig. 85 ie 
an example of such a leaf. 



Kind! 


9etM!ik, SxsUfri&te. 


Venation 3 


C/^a^naie'Vetnei/. 


Margin! 




Baae! 




Apex! 




Lobes! 


Q^eutmna/«. 


Sinuaea ! 


3^1^/i. fl^. 


Shape ! 


S&aetruaU. 
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EXERCISE Xm. 
JPetioleSf ^rfaces, and Colors, 

The following schedule has three new questions 
added to it. The first is Petiole ? The shape of the 
petiole, whether round, roundish, or half-round, should 
be observed, and written down. And if it be re- 
markable for its length or shortness, if it be unusu- 
ally limber, or unusually stiflF, you must mention 
these peculiarities about it. 

CoLOE ? To this question the answer is easy. 
Leaves are sometimes light green, sometimes dark 
green ; and sometimes the upper surface is one color, 
and the lower another. There are spotted and striped 
leaves, and some leaves have a brownish or reddish 
tinge. All these things are to be noted when you 
see them. 

SuEFAOE ? Observe whether the surface of a leaf 
has hairs or not. K it has hairs, write hadry after 
this question ; but, if it has no hairs, write glabrous j 
which means free from hairs. 

Again, surfaces are either smooth or rough, ob- 
serve which, and write the result in the schedule. 

Some leaves have a very shiny surface, and some 
are very duU, and these diflferences should be ob- 
served, and jjmtten down ; but these qualities need 
not be noted unless they are strongly marked. 

These characters cannot be conveniently repre- 
sented by pictures, but they are readily seen in 
actual leaves. Feeling sure that you can easily make 
them out, we have not attempted to describe a leaf 
in schedule eight. 

8 
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The schedule is now made up of the following 
questions : 

ScHXDULB Eight. 

Note. — ^While in a book 
we must present one definite 
order of exercises, it is well if 
teachers use their own judg- 
ment in adhering to this order. 
Often, doubtless, much will be 
gained by judicious deviation. 
There are minds that demand 
variety, or their interest flags ; 
and the minds of children, 
especially, are liable to grow 
weary of continued attention 
to one class of objects. Before 
proceeding with the exercises 
upon compound leaves, it may, 
therefore, be advisable to turn 
to the chapter upon the In- 
florescence, or that upon the 
Flower, and occupy a little 
time with the opening exercise 
in which the names of parts 
are brought before the mind. 
The identification and naming 
of the parts of the flower will 
be easier to most children than 
the discrimination of simple 
and compound leaves; while 
dealing with another and more 
showy portion of the plant 
will stimulate the attention. 

The use of schedule eight 
should, however, still be kept up, and, after a little while, the 
pupil will come back to the study of compound leaves with a 
fresh relish for the subject. 



"Kind ? 




Venation ? 




Margin ! 




Ba8e? 




Apex? 




Lobes? 




Sinuses ? ■ 




Shape? 




Petiole ? 




Color ? 




Surface? • 





OOMFODND LEAVES. 

EXERCISE SIV. 

Simple and Compound Leaves. 

no. B8. Fio, SS. 



SoTFLE LEivEs have only one blade. 
Compound Leaves conBist of several distinct 
blad^ called leaflets. Ton may know leaflets irom 
lobes by their being entirely separate from each other. 

Up to this time I suppose that pupils have de- 
scribed leaflets as leaves ; but they must now be care- 
fiii not to make this mistake. Let them confine 
themselves to simple leaves in using schedule eight, 
and write simple leaf upon it, to show that they 
have considered the matter. 

It is sometime a very nice point to decide be- 
tween a deeply-lobed leaf and a compound lea£ If 
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confusion at first arises, it most be patiently borne. 
We might add to the above definition of a compound 
lea^ that lea^ets are jointed to the stalk, while the 
divisions called lobes never are. Snch a statement 
would save trouble at first, but it would make greater 
trouble in the end. The truth is, that deeply-lobed 
leaves paaa by inaenaible gradations into compound 
leaves, and compound leaves have their leaflets in all 
stages of connection with the common stalk, from a 
complete continuation of one into the other, up to a 
perfectly-jointed connection. 

If the green matter of a leaf is continuous around 
the veinB and along the ribs, however narrow the 
strip may be, it is quite correct to call such a speci- 
men a simple leaf. 



There is no way, for the pupil, out of this diffi- 
culty except through a course of careful observation. 
Doubtless many mistakes will be made ; but miatakes 
are very useful in education. 



OOHFOHHD LBAVBB. 

EXERCISE XV. 
ta of Compound Leaves, 
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Lkaplit. — One of the blades of a oomponnd leaf. 
Pet'iohile, — The stem of a leaflet. 
Sti'pkls. — The Btipules of leaflets. 
Ri'oHiB. — The continuation of the petiole to 
which leaflets are attached. 





Part.. :3gr«A »^4 ^a/^H. 


No. of Leaflets. 


^7- 



OOMPOUMD LEAVES. 

EXERCISE XVI. 
Ftiinate and IH^tUe Leave*. 

TlQ. 96. Fm. n. 



Parts 1 


&'^d ^^/da. 


No. Leaflets I 


5. 


Eiidl 


^^ttah. 
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EXERCISE XVII. 



VarieHea of Pinnate Leaves. 



Fie. 9a 



Fk. 99. 





▲braptly Ptmiate. 



Unequally Pinnate. 



Fig. 100. 



FiQ. 101. 





ClRose. 



Interraptedly Pinnate. 
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Abeuptlt PmNATB. — WLen the leaf tenninatea 
in a pcdr of leaflets. Fig, 98. 

Uhequallt Pennate. — ^When the leaf terminates 
in an odd, or single, leaflet. Fig. £9. 

CiBBOS£. — When the rachia ends in slender 
hranching earls, called tendrils. Fig. 100. 

Ihtbbeuptedlt Pinhate. — ^When the leaflets are 
alternately large and small. Rg. 101. 



Twice TtiaMe. 



Twice Pinhate. — When the petiolule ia continued 
as a rachis which bears the leaflets. 
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Thrlee Pinnate. 



Theiok Pinnate. — ^Wben the leaflets are borae 
upon a third rachis, braacliing off from the second. 



EXERCISE XVin. 

TarUHea of Digitate I/eaves. 

Thbbb - FiNQEBED. — A digitate leaf with three 
leaflets. 



OOMPOUHD LEAVES. 



FivK-FiNGKEED. — A cjigitato leaf with five fingers 
or leafietB. 
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Seven - FiNGEBED. — ^A digitate leaf with seyen 
fingers or leaflets. Fig. 106. 

Fig. 108. 




SCHBDUIiB ELBTEVT, DBSOBEBINe FiG. 108. 



Parts? 


^^^, MaJ^, «^^^. 


No. Leaflets ? 


/O. 


Kind ? 


cfc'nna^. 


Variety ? 


'-Wtllcie. 



Note. — This is the last leaf-schedule. "With the next chap- 
ter we begin the study of the stem. But we must still in some 
way pursue the study of leaf-forms, if we would render per- 
manent the knowledge we have already acquired. An observa- 
tion is by no means a mental possession as soon as it is made. 
True knowledge is always a growth requiring time; and ob- 
servations have not only to be made^ but, to be repeated^ and 



OOMPOrUD LEAVES. 

EXERCISE XIX. 
Fomt» of Stipules. 



SnpiTLEB are: 

Pbee. — ^When not united with any other part. 

Adnate. — ^When they grow to the petiole. 

the fikcts ksit into tlieir plitces, to make them reliable meatal 
poBsessions. Underatanding a thii^ is but the first step 
toward its real acquirement. A snoceeaioii of ireqnent ob- 
servations is neoessarj to induce famtUaritj' with objects, and 
there mnst also be a recnrrence to them — a revival of imprea- 
siong after ooodderable intervals of time. It is posHble to 
have an intenu funiliaiitj with things obEerved, by occupying 
the whole consdonsncBS with them for a short time, bnt effects 
thus produced are not lasting. We shall, therefore, continue 
our observations of leaves, and record them upon the stem- 
tchedale. Pupils who have been diligent in the use of the 
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PiicUy gtlpolea. OchreMc BtlpnlM. 

pKioKLT. — Like thorna. 

OoBBEATE. — ^When they form a sheath around the 
Btem. 

If any of the diBtiuctiotis among compound leaves 
bother very young pupils, let the observation of Buch 
be omitted for the present, 

preceding schednles, ought now to be able to describe leaves 
without their wd. Exercise XX. consists of two descriptions, 
in which the schedule questions are omitted. The order of 
deacnption which has all along been followed will natorallj 
have become the order of thoaght with pupils, and the prompt- 



COMPOUND LKA.TBB. 

EXERCISE XX. 



Leaf (Fig. 118), — Simple, petiolate, stipulate, net- 
veined, feather-veined, entire, abruptly acuminate, 
broadly oval ; petiole, short, bordered by the blade ; 
BtipvZee, free. 

Leaf (Fig. 114). — Compound, petiolate, stipulate, 
unequally pinnate, number of leaflets, 5 ; leaflets, petio- 
late, feather-veined, serrate, ovate ; stipides, adnate. 

ing of qnestions is now unnecessary. They have answered 
their purpose If they have led to a knowledge of the parts of 
leaves and their most important modifications of form. When 
this is done, it will be much more important that the pupil 
be unassisted in making descriptions than that he be always 
methodical and correct. 

For pupUs that are old enough to punctuate their descrip- 
tions, the following rule will be nseftil ; — 1. Separate a^jeotivea 
relating to the same noon, by commas ; 2. Parts of the same 
organ, by semicolons; 8. Distinct organs, by a period. 



CHAPTER II. 



THE STEK. 



EXERCISE XXI. 



Parts of the Stem, and Leaf AaciL 



Fio. 115. 




/Axil of Leal 



Intemode. 



Node. 



Nodes and Intemodes. 
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FiQ. 118. 



Pig. 117. 





Node. 
Node. 



Node. — The point on the stem from which leaves 
are given oflT. 

Intebnode. — The portion of the stem between 
two nodes. 

Leaf Axil. — The point at the upper side of the 
leaf where it joins the stem. 

Note. — Children will easily find the nodes and .intemodes 
of most stems, but they should not, therefore, hurry past this 
exercise without tracing the successive intemodes of many 
stems from the root upward. The teacher should also see that 
a clear idea is gained of the axil of a leaf. 

If Figs. 116 and 117 are not intelligible to beginners, and 
the parts of short stems like these are distinguished with 
difficulty, let them be passed over, as the coming exercises 
are not dependent upon these discriminations. But, for those 
who can make them out, they will be profitable. 
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EXER0I8E XXn. 
Appeindages of the Stem, 

Flo. lie. 



TEBMiNiL Bod. — The bnd at the end of the stem. 
Ax'ellaet Bdd. — The bnd in the axU of a leaf. 
Bkanoh. — ^A stem which grows out of an axillary 
bud. 



BcHiDVLB Ttilti. mSCStBtKU FlO. I 



Parts t 


S(^^, (^ieinoda. 


Appendages ? 


.^avei, oXint/ud, &^weU. 



Leaf. — Petiolate, exstipulate, palmate-Yeined, 5- 
lobed, broad as long ; lobes rounded, entire ; ainuBea 
deep, ronnd ; petiole long, slender. 

The appendages of the stem (Fig. 118) are leaves, 
bade, and branches. The terminal bad continnes the 
growth of the main stem. Axillary buds give rise to 
branches, or secondary stems. 
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EXERCISE SXin. 
Poaition of Leaves. 




Blsm LeavM. BwUcal LuTM. 

Stem leaves grow along the stem. 
Badioal leaves Btart close to the ground, or helow 
ita eiir&ce. 

NoTs. — The term radUal wonld seem to implj Utat the leav«a 
spring from roots, which is not the case, as shown in Fig. 117. 



THB STEM. 
Fig. 123. 
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SOHBDULE ThEBTEEN, DB8CHIBINO FiG. 123. 



Appendages ? 


<^^at^^ (^u>z£AeU, 


Leaf-position ? 


^aif/me. 



Leaf. — Simple, sessile, feather-veined, entire, lan- 
ceolate; ati^pvle^ ochreate. 

The question, Parts ? is now dropped, because it 
is answered in giving the position of the leaves. 
To say that leaves are ca/ulme is to say that the stem 
is composed of both nodes and intemodes, while, if the 
stem has radical leaves only, there are no intemodes. 

KoTB. — When the nodes of a stem are distinctly jointed, 
when they are swollen and watery (tumid), when they are 
hairy, or when of a different color from the intemodes, they 
give a peculiar aspect to the plant, and pupils should be en- 
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EXERCISE XXIV. 
Arrangement of Xieave» on the Stem. 



Fu. 12a. 




Pis. IM. 



AxTEBNATE Leates. — Lcaves are alternate on the 
Btem when there is but one at each node, as in Fig. 



ooaraged to reoord audi facts upon the sohednle. Very long or 
verj short mtemodes, and otbftr noticeable peouliarities, should 
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OppoaiTE Leates. — When two leaves grow oppo- 
Bite each other, we call it the ^pp&aUe arrangement. 
Hg. 124. 



Wboried LeaveB. 

Whokled Leaves. — ^When there are more than 
two leaves at a node, we say the leaves are whorled. 

be stated. A word or two at the bottom or back of the sched- 
ule, as, nodes tamid, or, internodea very long, ia all that is 
reqnisite. Brovit; and preoi^on of statement should always 
be inaiated upon. 
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Fra. ise. 



SoonxiLi Firrm, MHosmDra Fia. US. 
Appendages? .^savei. 

Leaf-position % ^au^ne. 

Leaf-arrangement! ^^Uina^. 



The Leaf. — Sessile, feather-veined, serrate, lan- 
ceolate. 

Note. — Leaf-poBition and leof-airangetnent pertain as mncli 
to the leaf as to the Bteai, bat observationB conoeming them 
oonld not be properly made until aometbing was known of the 
Btem. When the pnpil becomee familiar with these characters, 
it will, perhaps, be more appropriate to notice them in the 
leaf-description than in the stem-description. 
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EXERCISE XXV. 
Shapes of Stems. 



Pig. m. 



Fig. 128. 




Roauded. 
Pig. 130. 




Compressed. 
Fig. 131. 





Acute-angled. 
Pig. 134. 




Square. 



Five-sided. 



Pig. 129. 




Half-rounded. 
Fig. 132. 




Triangular. 
Fig. 135. 




Four-angled. 



These are by no means all the shapes, nor the 
precise shapes that stems assume, but their forms will 
most commonly be found to approach very nearly to 
some of these outlines. If any forms occur that are 
so widely different from the pictures as to perplex 
the- pupil, he will consult the teacher. 
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Fia. lan. 



SOHEEDLI St 


ciEEH. DBscraama Fio. 138. 


Appendages ? 


^ave^, Mu^. 


Leaf-position ? 


'^au^ne. 


Leaf-arrangement * 


^A/ioii^e. 


Shape? 


Mcand. 



Leaf. — Petiolate, exstipulate, palmate - veined, 
serrate, base cordate, 5-lobed, terminal lobe acumin- 
ate, leaf broader than long. 



EXERCISE XXVL 
Attitude of Stems. • 



Eeect stems stand upright, 
DitoopmQ.stemB are weak, and bend over. 



S FIE8T BOOK OF BOTANY. 
Via. 139. 





Ceeepino sterna lie along or below the Burface of 
the ground, and send down roots from their nodes. 

Teaildjq stems are weak, and lie loosely along 
the ground. Fig. 140. 

AscENDiNO stems stand slanting. Fig. 141. 



CllmUiis. Twiniag. 

CLiMBma stems are weak, and cling by tendrils to 
the objects about them. 

TwiHiNO stems are too weak to stand alone, 
and support themselves by winding around other 
stems. 
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SOHBDtliS SEYENTBEN, DB8CBIBINO FlO. 148. 



Appendages ? 


.^z^ave^f (^^u>t(^U, 


Leaf-position ? 


^auune. 


Leaf-arrangement ? 


Qx/Mnale. 


Shape ? 


,lMyOunc/, 


Attitude ? 


Gi/iaenina. 



Leaf.— Simple, petiolate, exstipulate, feather- 
veined, entire, cordate, sub-acuminate. 



EXERCISE XXYIL 
Color 9 Surface, Size, Structure. 

Color. — Stems may be spotted, striped, green, 
brown, red, or purple. 

Surface. — The surface of stems, like that of 
leaves, is smooth, rough, shiny, dull, hairy, and 
glabrous. 

Size. - Stems may be high or low, slender or thick, 
and it is easy to determine these points. 

Structure. — To find out the structure of a stem, 
you must break it, and observe first whether it is 
hoUow or solid. Next examine it to ascertain if it 
have any tenacious threads; these are t^o^^^y fibres, 
and, when present, they help to make the stem hard 
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and tough. It is then called a Woody stem. But, 
if it is soft and brittle, it is an Herbaceous stem. 
The stem schedule consists now of the following 
questions : 

Schedule Eighteen. 



Appendages? 




Leaf-position ? 




Leaf-arrangement ? 




Shape? 




Attitude ? 




Color ? 




Surface ? 




Size? 




Structure? 





Note. — ^In schedule eighteen, as in schedule nine, no picture is 
described, because two of the questions now added, viz.. Color? 
and Structure ? relate to features that cannot be easily repre- 
sented in a picture, while size and surface, as seen in nature, 
are so unlike pictorial presentations, that an example given 
here would be but a poor guide in schedule practise. The 
descriptive terms used in answering these questions are so 
familiar as not to need illustration. 



CHAPTER III. 

THE INFLOEESCENCE. 

Infloeesoekcb. — The way flowera are placed upon 
plants is called their inflorescence. 

EXEEOISE SXVni. 
Sotitary and (Su»tered Inftorescencc 

Fis.141. 



EoHlDc; iD&oieecaica. 



THE INFLORESCENCE. 
Fra. IK. 



Cluilered iQflonisccDce. 

SoLlTAET Inflorescence is where only one flower 
grows upon a flower-stem. Fig. 144. 

CLraxEEED Ihtlorescenge is where several flowers 
grow from the same flower-stem. 

Flowers, or flower-clusters without stems, are said 
to be sessile. 

NoTB. — This and the following exercise should be dealt with 
(n the same manner as the first exercises in the chapters upon 
the leaf and Etem. 



THE FIRST BOOK OF BOTAKT. 

EXERCISE SXIX. 
farts Of the Inffort 

Fia. 140. 



Peddn'cle. — The stem of a solitary flower, or of a 
flower cluster. 

Bkacts. — The small leaves of a flower-duster on 
the peduncle, or raChis. 

In'volucee. — A whorl of bracts. 

Ped'ioel.^ — One of the flower-stems in a cluster. 

Beac/leib. — Very small leaves growing upon 
pedicels. 
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Ra'oHia. — The continuation of a peduncle, from 
which flowers branch off. 

Eecep'taole. — The top of a peduncle, from which 
severd floweiy start together. 
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EXERCISE XXX, 



Attitude of Inflorescence* 



Fio. 150, 



Fig. 151. 




Erect. 



Nodding. 



Erect. — Upright. 
Nodding. — Bending over. 



Note. — ^Many of the characters already noted as belonging 
to the stem of a plant, belong also to the peduncle. Its color, 
surface, shape, length, limpness, twist, and curvature, may be 
recorded in connection with the attitude in the same terms as 
are used in stem-descriptions. 

Some of the statements in the description of Fig. 152 are 
to be compared with the living plant, and not the picture. 



rmammr' 



THE tNPLOBEBCKNOE. 
no. isa. 



Peh'dulocs. — Hanging down. 

8CEEI>VI.B £iaHTBIN, DliCBIBINO FiS. US. 



Parts? iMa'uncA (Mu-H. 



Attitndei ^«^(^«j 



Leaf. — Simple, petiolate, exstipulate, feather- 
veined, irregularly-dentate, ovate-aeuminate, green, 
smooth, canline, opposite. 

Stem. — Round, slightly bending, reddish brown, 

smooth, slender, solid, woody. 



q2 the fibst book of ] 

EXERCISE XXXI. 
Solitarjf Terminal ontf AsciUary Infiorewxnce. 

rm. 151 




An iuflorescence is Solitaey Terminal when the 
fitfiin, or braDch, ends in a single flower. 

The presence of nodes upon ordinary Btems dis- 
tinguishes them from flower-stems or peduncles. 



TttE 1KFL0UE8CEMCE. 
Pin. 154. 



A SoLFTABY AxiLLAKT flower IB one where tlie 
peduncle starts from the axil of a leaf. 

In Fig. 15i the peduncle of the lowest flower 
starts from the axil of the leaf, it is hence an axil' 
lary flower ; but the peduncle of tlie lowest flower 
in Fig, 153 starts at the first node of the branch, the 
growth of which it terminates ; it is hence a terminal 
flower. 
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augtered Axillary and Terminal Infioreacenee. 

Fta. IHI. _ 



A Termdjai Cluster of flowers is one that ends 
the growth of a stem, or branch. Fig. 156. 

Observe that the lowest bud in Fig. 156 is hardly 
discernible as a flower-bud. The next is a little more 
advanced, the third still more, and so on till, at the 
top of the cluster, you see a fully expanded flower. 
The oldest flowers are at the top or centre of the 
cluster. This order is often reversed, the oldest 
flowers being at the bottom or outside of the cluster, 
and it is important for you to notice this circumstance 
in studying inflorescence. 
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An Axtllaet Cluster of flowers is one where the 
peduncle Btarts from a leaf axil. 

The question, Position ? is now added to the in- 
florescence-schedule. Every inflorescence is either 
terminal or axillary, and the pnpil is to determine 
this point, in order to answer the new question. 
When he begins the study of botany in its higher 
aspects, he will find that much depends upon his 
having carefally observed such points as these. 
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All cuciHary inflorescence is Indefinite, because 
the stem and branches, if there be any, may grow on 
just the same as before blossoming. The inflores- 
cence in Fig, 159 is indefinite. The stem does not 
end with flowers, but with a leaf-bud, which con- 
tinues its growth, 

Tlie question, Kind ! is now added to the inflo- 
rescence-schedule, and pupils will state, in answer, 
whether the inflorescence is definite or indefinite. 
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Fio. 100. 




BompiTLi TwiKTT, Diaonniiifa Fm. 100. 



Parts? 



Attitude ? 



Position ? 



Kind? 



uef/unw, C^y^/oiifci^, ,^aonid. 






G^^J^/j/. 



(^m/e/mi'/c. 



Lkaf, — Caulino, oppoHito, simplo, soBBile, foatber- 
voined, entire, oval. 

Stem round, ero(5t, Blonder, horbacoouB. 

NoTR.—C^omparo FI^. 100 with Flfc. 106, and olmorve that 
tboy differ In tlio order in which the flower* unfoUl. In Fig. 
100 the ohle«t flowom are the lowest in the clunter. There 
if no flower at the top of the olimter, ending the growth of the 
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EXERCISE XXXIT. 
TarieHea of Infioreacence. 




Ucod. Bplke. Spidii. 

Head. — A more or less globular cluster of flowers, 
sessile upon the receptacle. 

Spike. — A cluster of flowers, sessile upon a raeliis. 

Spa'dix. — ^A spike with a thick rachis, and covered 
around by a single large leaf, or bract, called a 
spathe. 

Btem, and so, as the rachis rae,j grow on, sending off flowers 
from its side, we say the iafloresceDce is indefinite. 

The primarj, or main stem, of a plant sometimes ends defi- 
nitely, or with a flower, while the branches, or secondary stems, 
grow on, or are indefinite. Sometimes the main stem is indefi- 
nite, and the branches are definite. When both kinds of in- 
florescence are found upon the same plant, it should be stated. 

To determine whether a flower-head is definite or indefinite, 
observe whether the unopened flowers are at the top or on tiie 
lower part of the cluater. It is only in rare instances that 
they all open so nearly at the same time as to show no differ- 
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Ament, oe Catkin. — A spike, with sessile bracta 
among its flowers. It grows on trees and ehnibs, 
and falls off after a while. 

The Raceme is a flower cluster, where the flowers 
grow upon pedicels of about equal length along the 
rachis. 



A Glomerolb 19 formed by nearly sessile clusters 
of flowers in the axils of opposite leaves. 

ence of age; but, when this is the case, jon must leave the 
qnestion undecided till 7011 tiftve discovered some other mode 
of sol ring it. 
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Fia. 161. Pio. 168. 




The Corymb is a flower cluster, with a short 
racbis, the lower pedicels of which are lengthened, m 
that the cluster is flat at top. 

An Umbel has no racbis, and the pedicels are of 
nearly equal length. 




Camponnd Raceme. 



A Compound Haceme, or Panicle, has a long 
rachis, and the flowers grow upon branchea of the 
pedicels. When such a cluster is thick and cone- 
shaped, it is called a Tkryse. 
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A CoMPomn) Coetmb is a corymb with the flowers 
growing upon hranohes of the pedicels. Fig. 170. 



Compoand Umbel. 

A CJoMPODND Umbel has a eecond umbel, or um- 
bellet, upon each pedicel. 

Note.— Most of the claaters pictured in this exerciae are 
represented as withont bracts, that differencea in their modes 
of branching may be more easilj' compared. The pictures 
represent certain styles of flowering, and each of these styles 
varies very much in nature. Yon will find umbels very unlike 
each other, and very nnlike Fig. ITO, but still more nearly like 
that fignre than any of the others. And so of panicles, co- 
rymbs, &c. Great differences among the clusters of one variety 
may he occasioned by the presence or absence of bracts, by 
their groupings, forma, and colors, by the length, stifiiiess, and 
ever varying positions of peduncles and pedicels, aa well as by 
differences in the form of receptacles. And besides, the vari- 
ous sorts run together in many different ways. You will 
sometimes find a flower-clnstor resembling two different varie- 
ties so much that yon will have to combine the names of the 
two in order to characterize it properly ; as, for instance, a 
corymbose panicle, a panicle of heads, or a spicose umbel. 
"When you cannot name the variety, say so, and keep the in- 
stance in mind nntil it becomes clear to yon. 
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Fio. ITS. Pio. I'n. Fia. 174. 




Note. — The difference between definite and indefinite flow- 
er-clusters is shown above. Fig. 172 represents an indefinite 
raceme, the growing and of which is surrounded by unopened 
flowers. In Fig. 1T4 the reverse is the case; the riLchU endi 
with a fiowvr — the oldest flower of the clnster, wliile at t)ie 
other end, near the peduncle, the buds have scarcely begnn to 
unfold. This, therefore, is dearly a definite raceme. In Pig. 
ITS the oldest flowers of the cluster are near the peduncle, 
the growing end is surrounded by undeveloped bnds, and its 
kind is easily determined. 
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Schedule Twbntt-onk, describing Pig. 173. 



Parts? 




Attitude ? 




Position ? 


• 

Q/eimt'na/. 


Xind? 


Q^^nc^Ani^e, 


Yariety ? 


J^aceme. 



Leap. — Cauline, simple, sessile, exstipulate, feath- 
er-veined, serrate, oval-acute. 

Stem. — Erect, round, herbaceous. 

This is the last inflorescence schedule, and future 
descriptions of this part of plants will be made with- 
out the help of questions. There are some obvious 
characters of the inflorescence, easily understood and 
described, that have not been named in the schedule, 
and, that they may be noted in future descriptions, 
we call attention to them here. 

When many flowers are crowded upon a rachis, or 
receptacle, the cluster is said to be dense ; but when 
they are few and scattering, it is said to be loose. 

The bracts of a cluster may be very numerous, or 
they may present peculiarities that a child can easily 
describe, such, for instance, as relate to shape or 
color, or they may form an involucre at the base of 
the cluster, and these points might well be included 
in a description. 



CHAP.TER IV. 



TEE FLOWER. 



EXERCISE XXXV. 



JParts of the Flower. 

Fig. 175 represents one flower — the parts, though 
separated, stand in their natural relation to each other. 

Pro. 175. 




Pietil. 



Siamene. 



-— Corolla. 
>Periaulh. 



Calyx. 



Beceptacla. 



Bbcep'tacle. — The top of the peduncle, more or 
less swollen, from which the flower grows. 

Ca'ltx. — The outer circle of green flower-leaves. 

Corol'la. — The inner circle of delicately-colored 
flower-leaves. 
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Peb'ianth. — ^A name given to both circles of 
flower-leaves when they are so nearly alike as not to 
be separable into calyx and corolla. 

Sta^mens. — Slender, thread-like parts next inside 
the corolla. 

Pis^TDL. — The central part of the flower inside the 

stamens. 

When there is but one whorl of flower-leaves, 
whatever its color, it is called a calyx. 



EXERCISE XXXVI. 
Parts of the Calyx. 



Fig. 176. 



Fig. 177. 




Sepal. 




Sepal. 



Sepal. 
Calyx. >^^b^ Sepal. 

Se'pal. — One of the leaves of the calyx. 

Note. — The first thing in studying the flower is to become 
acquainted with its leading parts and their names. This is 
done by comparing numerous specimens with Fig. 175. The 
pupil is then ready to begin work with the flower schedule. 
Figs. 177 and 179 are given to assist the pupil in answering the 
first questions upon it. Write under the question, calyx ? the 
names of the parts that compose the calyx, and under the question, 
corolla? the names of the parts that compose the corolla. Tlien 
count the sepals in your flower, and write their number after 
the word sepals, in the next column ; count also the petals in 
the corolla, and write their number after the word petals. 
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EXERCISE XXXVn. 
Parts of the Corolla. 



Pet'al. — A leaf of the eoroUa. ?■ 




NsmoE ol RlrtB. 


». 




Oalyil 


5. 




Corolla! 


5. 





NuneB of PBrta. 


No. 




Perianth? 


6. 





THE FLOWEB, ;*'" .•. : JB^'. 

EXERCISE xxxvnr. 

Kiudg of Calyx. 




Poljecpaloua Cal/i. QaiDi>sGpa:one Culf i. 

A Poltsep'alous Caltx has its eepala distinct from 
each other, so that each one can be pnlled off separately, 

A G-amosep'alous Calyz has its sepals more or 
less grown together by their edges, so that, if you 
pull one, the whole calyx conies off. 

Having used schedules twenty-two and twenty- 
three till the names of the parts that compose the 
calyx, corolla, and perianth, are firmly associated 
with the parts themselves, we are now ready to begin 
their description. Schedule twenty-four shows you 
where to write what you have to say about them. 
Observe first whether the sepals of a calyx, the 
petals of a corolla, or the leaves of a perianth, are 
grown together or not. Sometimes they cohere bo 
slightly, that close observation is necessary to ascei^ 
tain it. Be cautious about pronouncing a corolla 
polypetalous until you have made many observationB 
upon different specimens of it. Do not guess. 

You can count the petals of gamopetalous corollas 
by their marks of cohesion. 
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EXERCISE XSXIX. 
Sinda of Corolla and Perianth. 

Fio. 18*. no. 18S. 




PoIjpetahiiH OaroHa. Oamopecalons Ci 

A PoLTPKr'ALors Coeolla has its petals distinct 
and separate from eacli other, so that each one can be 
pulled off without disturbing the others. 

A GAMOPEx'ALors CoEOLLA hflfl it6 petals more or 
less grown together by their edges, so that if jou 
pull one the whole corolla comee o£F. 





mmetolPan: 


Bo. 


Description. 


Calyx! 


4. 


^^^^Tncie^aSui. 


Corolla! 
(mead. 


4. 


^^^amo^eea^m. 



• • 



• • 






« • - • 



THE FLOWER. 



■» • • • • • 



*i>l. 



• • • 



• • 



A Polyphyd'lous Periaiob has its leaves entirely 
distinct and separate from each other. 

A Gamophyl'lous Perianth has its leaves more 
or less coherent by their edges. 

In the schedule will be seen a space where the 
forms of sepals and petals should be recorded in the 
same terms used to describe leaves. 



• _• 



• • • 



EXERCISE XL. 
JBeguiar and In*eguiar CoroUas and JPerianihs. 



Fig. 186. 




Fig. 187. 



'iTdi)'''.'! X 




Re^lar Gamopetalous CoroDa. 



Irregular Gamopetalous Corolla. 

A Eegular Calyx, Corolla, or Perianth, has 
its parts of the same size and shape. 

An Irregular Calyx, Corolla, or Perianth, has 
its parts unlike in size or form. 
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BosiDuu TwCHTT-nrx. DssCHiBDia Fio. 188. 



NamMorPuti. 


Mo. 


Descrlpti™. 


Oalyx! 


(f. 


^^^^moieAa&a^. liU^u^. 


Corolla 1 


3. 


^^^meAeia£iai, ciimu&i. 



BCEEDCT.! TWZNTT-UX, mEWBIItlNa FlO. 189. 



NuDM Of F>rl>. 


No. 


DeacripHon. 


Perianth? 


^ 


{^o/y/i4y^i, i^u&i. 
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EXERCISE XU. 



Barts of Stamens. 



FiQ. 190. 




Anther. 



Pollen. 



Filament 



Fil'ament. — The stem-like part of a stamen. 

An'thee. — The thickened oblong head of a fila- 
ment. 

Pol'len. — The dust, or powder, seen npon the 
anther. 

Schedule twenty-seven has added to it the new 
question. Stamens ? Write underneath it the name 
of the parts that compose a stamen of your flower. 
Count the number of stamens, and write it down, 
unless they are too numerous, when you will use 
the character oo , signifying many. Write free, when 
they are so ; and coherent, when they are grown to- 
gether. 

When the filament is absent, write sessile after 
anther. To describe the filaments, observe whether 
they are long or short, slender or thick, flat or 
round, distinct or grown together. 

Observe whether the anthers are one-lobed or 
two-lobed, that is, whether they are in two parts or 
pieces ; and note also whether they are oblong, round, 
curved, straight, large or small, longer or shorter than 
the filaments, distinct or grown together. 
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Pig. 191. 




SOHEDULB TWENTK-SBYEN, DB80BIBINO PiG. 191. 



Nsmes of Fftrto. 


No. 

00 


Bescription. 


Calyx? 


^^r^mo^Aaufu^, ieauuii. 


5 Corolla? 


tyc^Ae{au?u^f ieauuii. 


Stamens ? 
Qrnmei, 


C/i&nc/ei, 
Q/uAC'ceMc/, CM^na. 



Note. — Our descriptions of pictured flowers are necessarily 
imperfect, because the pictures are themselves imperfect. As 
the poUen is not represented in Fig. 191, it is, of course, omit- 
ted from the schedule. "We can say nothing, in a book, of the 
color or size of specimens ; yet the plan of working is clearly 
illustrated, and pupUs will not find it difficult, at this stage, 
to add such points without the guidance of a pattern schedule. 



?■ 



I 



THE FLOWBK. 

EXERCISE XLII. 

Parta of the rista. 



O'vAET. — The loweBt part of 
the pistil, containing the Beeds. 

SmE. — The slender stem- 
like part of the pistil next above 
the ovarj. 

Stiq'ma. — The top of the 
pistil. 



EXERCISE XUn. 
Parta of the Ovary. 

Tis. 1D3. 



Cae'pel, — One of the divisions, or cella, of the 
ovary. 
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Names of PbMb. 


Ho. 


DeBcriptlon. 


Periantlif 


g. 


li'cjffidyS.a,. iiyuAl. 


Stamens! 


6. 




Pistil! 


J. 
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The question Pistil? is now added to the sched- 
ule, and is to be answered in the same way as the 
questions Perianth ? and Stamens ? First write the 
name of its parts imderneath, and then find out, if 
you can, the number of carpels that compose the 
ovary. It is sometimes quite diflBcult to do this, but 
it is well always to make the effort. When the car- 
pels cannot be distinguished, you determine their 
number by counting the styles, and, if these are 
grown smoothly together, then count the lobes of the 
stigma. It is very seldom that this part of the pistil 
is so coherent that the lines of union are invisible. 
You can often, in this way, find out the number of 
carpels in a pistil, when every other means fails. In 
describing the various forms of style no new terms 
are needed. 



EXERCISE XLIV. 
Tarts of the TeteUa. 

Pio. 198. Fig. 199. 




■limlx 



— ^**^- {[—- Claw. 



Limb. — The upper, and usually the broadest and 
thinnest, part of a petal. 

Claw. — The lower part of a petal, which attaches 
it to the receptacle. 
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EXERCISE XLV. 
Stnds of Beffular Folypetatous C&roUas. 

Fta. no. Fia. m.. 




Carjophyllaceon 8. 

A Ckitcif'eeous Corolla hae four petals growing 
in the shape of a cross. 

A Caetophtlla'ceods Cokolla has five petals, 
having each a long, slender claw, and a spreading 
blade. 




A Rosa'cbous Cobolla has five petals, with spread- 
ing lamina and short claw. 

A Ln-Li'cEoiJs Pebiahth has six leaves, bending 
away something like a bell. 
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EXERCISE XLVr. 
Kinds of Irregular PolypeUOoua Corolla, 



Fiplllotmceons CotoIIb. 




The Papiliona'ceoub Cobolla has five diasimilar 
petals, airaiiged like Fig. 204. The one nearest the 
stem (the upper, Fig. 206) is called the hanner; the 
two side ones are called loinga, and the lower one the 
ked. 

KoTE. — Learn to distingniah the banner, vings, and keel of 
paptlionaceoos corollas, and note the differences of their forms 
in different Icinds of flowers. Yon con write such observations 
npon the back of the echodnle. 
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Fis. «n. Fis. a)3. 



There are many other varieties 
of polypetalouB irregular corollas \ 
which are described generally as 
anomalous. Fig. 207 is a com- 
mon form of anomalous corolla. 
There is an intereeting tribe of 
plants known as orchids, which 
present many anomalous forms of corolla ; Fig. 208 
is an example, Fig. 209 being a separate flower from 
the same plant. Anomalous flowers should be further 
described as polypetalous or gamopetalous, for they 
occur among both these forms. 
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Via. no. Pio. an. Pio. sia. 




SCHEDDLB TWEKTT'Hl 



»....,»»., 


^o. 


DeBCriptioD. 


Caljit 


4. 




Corolla! 


4. 




Stamens! 


(f. 




Pistil I 
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EXERCISE XLVII. 
JParta of a Qatnopetaloua Corotta. 

Pia. 1113. no. S14. 

""•^ '71 Bonier. 



Tdbb. — That part of the corolla, whether long or 
Bhort, in which the petals are united together. 

Limb, oe Bordee. — The upper part of the corolla, 
where the petals are not united. 

Theoat. — The opening of the tube. 

Corolla Tubes may be long or short, slender or 
swollen, tapering or cylindrical, or with a pouch, or 
sack, on one side. 

The Limb may be narrow or broad, erect or 
spreading ; and. 

The Theoat is either open or constricted, hairy 
or smooth. 

Note these features in describing gamopetalous 
corolla. 

JIOTE,— The last eierclaea of this chapter introduc* twenty or 
thirty new terms, expreBsise of as many different ideas of form. 
In learning the precise word for each form, proceed very slowly 
from exercise to exercise, searching constantly for illustrative 
specimens. LearD the names of the parts of a petal and of a 
gamopetalous corolla. Let time be taken to examine all the 
flowers that can he found, comparing their corollas with the 
pictures, fixing, for each flower, upon the picture it most nearly 
resembles. 
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EXERCISE SLVm. 
Kinds of Begular Qanuypetalmi* CoroUas. 




Tu'bulae. — A tabnlar corolla ia one in which the 
tube spreads little or none at the border. Fig. 215. 

Ur'ceolate. — A corolla ie nrceolate when the tube 
ia swollen in the middle, with a narrow opening like 
an urn, aa in Fig. 216. 

Eo'tate, ok Wheel-shaped Coeollab have a 
short tabe and flat, spreading border. Fig. 217. 



1 



lU 



THB FIB8T BOOK OF BOTANY. 



FuN^NEL-FOKM. — ^When the corolla-tube is small 
below, and enlarges gradually to the border, as in 
Fig. 218. 

Sal'ver-form. — When the long, slender tube of a 
corolla ends abruptly in a flat spreading border, as 
seen in Fig. 219. 

Campan'ulate. — ^Bell-shaped corollas are said to 
be campanulate. Fig. 220. 



EXERCISE XLIX. 



Irregular Gatnapetalous CoroUas, 



Labiate Corollas. 



Fig. 221. 



Pig. 2%. 




Fig. 223. 





Personate. Rlugent. lignlate. 

La'biatb. — In labiate corollas the limb has the 
appeairance of lips ; Figs. 221 and 222. Labiate 
corollas are of two kinds, personate and ringent. 
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Pee'sonate. — ^With the throat closed. Fig. 221. 

Ein'qent. — ^With the throat open. Fig. 223. 

A Lig'clate, or strap-shaped, corolla, is one which 
appears as if it were formed by the Bplitting of the 
tube on one side. Fig. 223. 



Akom'alodb. — All other irregular gamopetalous 
corollas, as Figs. 224 and 225, are called anomalous. 

In describing corollas, the terms cruciferous, lil- 
iaceous, tubular, etc., may now be used in place of 
polypetalons, gamopetalous, regular and irregular, as 
the new terms include these characters, along with 
others, more limited and special. To say, for ex- 
ample, that a corolla is cruciferous, is to say that it 
is polypetalous and regular, and also to state the 
number and position of its petals. To say that a 
corolla is strap-shaped, is the same as saying that it 
is gamopetalous and irregular as well as what par- 
ticular form it has. 
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Fio. 2M. 



SCHtDCLI TOIBIT. DieCRIBINa Pis. 2W. 



NamMorPuta. 


No. 


DeBcHplIon. 


Perianth ! 




Ss-t^ceoui. 


^^M. 


d. 


^ittatciitte, !Meeuii»sf/. 


Stamens % 


^. 




Q^tM?fM?li. 




^y. ^Snc^. 


Q^ni^ei. 




Q/wO'CeM^, Uo&na. 


Pistil! 






'Sai/i^A. 


s. 




S/lyA 




Jt^^, ^?nooi4. 


CH^ma. 




Q^diee^c^Je. 
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Nameeo/Pa™. 


HO. 




CaljrsI 
X/iad. 


5. 


^^SamdeAaSad. 


Corolla 1 

9e4a4. 


5. 


^a/v^i=/oim. 


Stamens? 


5. 




Pistil? 
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EXERCISE L, 



Crowns, Spurs f and Nectaries. 



Fio. 8sa 



Fig. 239. 





The Corona, or Crown, is a scale-like structure 
(Fig. 228) on the inner surface of coroUas, at the 
summit of the claw, or tube. 

A Spur is a tubular prolongation of a petal or 
sepal. Fig. 229. 



Fig. 280. 



Fig. 281. 





Nectary. 



Nectaiy. 



A Nectary is a little gland on the claw of a 
petal that secretes a sugary liquid. In Fig. 230 
these glands are naked, while in Fig. 231 the little 
gland is covered by a ^aje. 
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Fio.283. 



Fie. 288. 




Ck>rolla with Crown. Spurred Calyx and Corolla. 

The Btatement proper in describing the corolla 
(Fig. 232) is as follows : 



Corolla ? 


5. 


.^£cni^, OM!ou/ale i cioicAn 



We describe a calyx and corolla like that shown 
(Fig. 233) as follows : 



Calyx % 
JeAaa. 


5. 

4. 


^cl/iAei one dAuiiec/, 


Corolla % 


.^l&^Aetau^u^t ano^?iau)uS, 

^ctftAei one K^i^d dAui, Aio- 
u^nae{/ mlo ca^x dAui. 



CHAPTER Y. 
THE EOOT. 



EXERCISE LI. 

l^p~Boots ana Fibrous Boots. 

Thbbx are two dasaea of roots, called tsp-roota 
and fibrons roots, which differ from each other in the 
way shown in Figs. 231 and 235. 



Tap-raob Fibrona Root. 

Fig. 234 representB a Tap-boot, which is Been to 
be simply a continuation of the Btem downward. 

In Fig. 235 the stem is not continued downward 
aa a tap-root, but Bends off rooUete or fibres at the 
outset. It is hence called a Fi'ssorB Boor. 
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EXERCISE LH. 



Kinds of Tap^BooU 



Fig. 386. 



Fio. 237. 



Fig. 288. 




Conical Boot. 




FaBiform Boot. 




Napiform Boot. 



Con'ioal Roots are tap-roots, which taper gradu- 
ally downward, and so are shaped like a cone. Fig. 
236. 

Fu'siFOBM, OB Spindle-shaped Roots, are tap- 
roots enlarged in the middle of their length, and 
tapering toward both ends. Fig. 237. 

A Nap'iFOEM, OB TUBNIP-SHAPED RooT (Fig. 238), 

is a tap-root, more or less globular in form. 

The kinds of tap-root illustrated in this exercise 
are equally continuations of the stem, with that 
shown in Fig. 234. By reference to Fig. 116, it will 
be seen that these stems are made up of nodes, and 
are just as really stems as those in which the intervals 
between the nodes are considerable. 
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EXERCISE IHL 
Kinds of FUtroua Boots. 

Fio. KB. Fi 




Hcmllininii itoOt. 



Fuctcol&ted Root 
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In Monil'iform Roots (Fig. 240) some of the fibres 
Lave numerous small swellings, that succeed each 
other so as to look like a string of beads. 

In Fascio'ulated Hoots (Fig. 241) the fibres be- 
come swollen along their length, and look like a 
bundle of fusiform roots. 

When some of the rootlets of fibrous roots become 
fleshy and enlarged, taking the form shown in Fig. 
242, they are called Tubekculab Eoots. 

Note. — It is not difficult to see that the moniliform root is 
only a fibrous root, in which regular portions of the fibres have 
become swollen. When all these swellings unite in one con- 
tinuous enlargement, we have a fasciculated root (Fig. 241). 
When the swellings are shortened and globular (Fig. 242), we 
name them tubercular roots, but their resemblance to the 
fibrous root is still apparent. 

The questions about roots suggested by this chapter are, 
first, is the specimen in hand a tap or fibrous root? The 
answer may not always be easy, but the pupil will exercise 
his best judgment upon it. If it be fibrous, however, say so ; 
if any modification of fibrous, say which, and similarly if the 
kind be a tap-root. For aid in describing roots, we must refer 
pupils to the exercises in plant description, which follow. 

There is usually a certain balance between the size of the 
root and stem of a plant ; but sometimes the root is very small 
compared with the stem and branches, and sometimes it is 
large. Roots may also be loosely attached to the soil or firmly 
planted therein; they may '>e spreading near the surface, or 
may grow directly downward, and such facts are worthy of 
note in root descriptions. 
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Description of Fig. 242. 

Roots fibrous. 

Leaves radical, petiolate, exstipulate, palmate- 
veined, acutely three-lobed ; base cordate, surface 
hairy. Bracts hairy, in a whorl of three near 
the flower. 

Inflobesoenoe solitary, on a slender hairy scape.*^ 

Flower. Calyx; sepals 8-12, oblong spread- 

V 

ing: corolla none: stamens many; JUa/ments 
threadlike ; aMhers oval, two-celled : pistil ; car- 
pds many; style very short; stigma continued down 
the inner face of the style. 

* Scape, a pedancle which arises from ao underground stem. 
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nescriptian of Mg. 243. 

EooTs fibrous. 

Stem a scaly bulb. 

Leaves radical, petiolate, exstipulate, digitately 

three-fingered ; leaflets sessile, feather-veined, entire, 

*obeordate ; petiole long, slender. 

Inflorescence a loose terminal umbel. 

Floweb. Calyx ; sepals 5, polysepalous : corol- 
la ; petals 5, regular, polypetalous, obovate, mucn 
larger than the sepals : stamens 10, of unequal length, 
hairy ; flaments awl-shaped, flattened below, grown 
together ; oMhers short, oval, two-celled : pistil : 
ova/ry ovoid, of 5 united ca/rpds / styles free, hairy ; 
stigmas enlarged, roimded. 
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Description of Fig. 244. 

EooTS fasciculated. 

Stem erect, round, slender, herbaceous. 

Leaves radical and cauline. Badical leaves 
twice ternately three-fingered ; leaflets petiolulate, 
palmate-veined, three-lobed at the end, sub-cordate; 
petiole long and slender. Cauline leaves numer- 
ous, simple, petiolate, exstipulate, formed like the 
leaflets of the radical leaves, placed in a whorl at 
the base of the inflorescence. 

IniTFLOEESOENOE a loose terminal umbel. 

Flower. Calyx; sepals 6-8, spreading, poly- 
sepalous, regular : corolla ; petals none : stamens 
many ; filaments thread-like ; a/nthers two-celled : 
PISTIL ; carpels many. 



PLANT DESCRIPTION. 131 



Description of Fig. 245* 

Hoots branching tap. 

Stem erect, slender, herbaceous, round, hairy. 

Leaves cauline, opposite, simple, sessile, exstipu- 
late, entire, ovate-acute. 

Inflorescence clustered, terminal, umbellate. 

Flower. Calyx ; sepals 5 : corolla ; petals 5, 
obcordate, spreading : stamens 10 ; JUaments thread- 
like ; anthers oval, two-celled : pistil ; ovary ovoid, 
consisting of five united carpels ; styles short, free ; 
stigma along the inner face of the style. 




Uf^^ 
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Description of Fig. 246. 

Roots tuberous. 

Stem smooth, low, weak, slender, herbaceous, 
round. 

Leaves cauline, opposite, a single pair, sessile, 
exstipulatej feather-veined, entire, lanceolate. 

Inflobescekce a loose definite raceme. 

Flower. Calyx ; aepaU 2, polysepalous, regu- 
lar : ooEOLLA ; petals 5, polypetalous (or slightly 
coherent at the short claws), spreading ; stamens 5 ; 
JUa/ments threadlike; amihers oval: pistil; carpels 
3 ; style slender, three-cleft ; stigma along the inner 
side of the three-cleft style. 
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neacription of Fig. 247. 

EooTS fibrous, matted, somewhat spreading. 

Stem of scaly nodes, intemodes none. 

Leaves radical, simple, exstipulate, peltately pal- 
mate-veined, wavy, deeply two-lobed, shut sinus at 
base ; petiole long, round, rather erect. 

Inflobesoence solitary, on a smooth, naked scape. 

Floweb. Calyx ; sepah 4, polysepalous, oblong : 
ooeolla; petals 8, polypetalous, regular, oblong, 
spreading : stamens 8 ; JUcmienta threadlike, shorter 
than anther; cmthers two-celled, oblong: pistil; 
carpels 2 ; style short ; stigma spreading, two-lobed. 



i 
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Description of F%g. 248. 

EooTS fibrous, growing from the entire under-side 
of the stem. 

Stem creeping below the ground. 

Leaf radical, petiolate, exstipulate, wavy-dentate, 
palmate-veined, slightly reniform, obtusely seven- 
lobed, sinuses rounded, nearly closed ; petiole half- 
round, channelled. 

Infloebsoenoe solitary, on a smooth, slender 
scape. 

Flower. Calyx ; aepala 9) ovate, regular : 
OOBOLLA ; petals 8, polypetalous, regular, obovate- 
oblong, spreading : stamens many, shorter than the 
petals ; Jilamervts short, threadlike ; (mthers oblong, 
two-celled : pistil ; ovary oblong, of two carpels ; 
styles united in a column ; stigma two-lobed. 
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JDescriptian of Fig. 249. 

EooTS fasciculated. 

Stem slender, weak, round, herbaceous, hairy. 

Leaves radical and cauline. Radical leaves, 
petiolate, exstipulate, deeply twice temately lobed; 
petioles long, hairy. Cauline leaves sessile alter- 
nate, shaped like the radical leaves, but much 
smaller. 

Infloeescenob solitary, terminal. 

Floweb. Calyx ; sepals 5, polysepalous, regu- 
lar, spreading : corolla ; petals 5, polypetalous, 
regular, oval, spreading : stamens many ; JUaments 
threadlike ; anthers short, two-celled : pistil ; Gar- 
pels many ; styles very short or absent ; stigma 
inner and upper part of carpel or style. 
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Description of Fig. 250. 

EooTS moniliform. 

Stem erect, slender, herbaceous, round. 

Leaves radical and cauline, temately compound. 
Cauline leaves alternate ; leaflets lobed ; petioles 
spreading at base. 

Infloeescence solitary, terminal. 

Flower. Calyx ; sepals 5, polysepalous, regular, 
spreading, ovate: corolla; petals^ none: stamens 
numerous ; filaments threadlike ; a/rvthers oblong : 
pistil ; ca/rpds many ; stigma sessile on the upper, 
inner face of carpel. 



CHAPTER VI. 
THE SEED. 



EXERCISE LTV. 
JBarts of the Seed. 

We now pass to another class of observations, in 
which, besides noting new parts of plants, you will 
also have to watch the changes which take place in 
those parts. 

Peepaee for the study of seeds by planting all 
the kinds you can get that are large enough for easy 
examination. 

The seeds of the pumpkin, squash, four-o'clock, 
bean, pea, apple, Indian com, oats, and barley, are 
good examples for the purpose. Plant two or three 
dozens of each sort, one inch deep, in a box of soil or 
sawdust, which must be kept warm and moist. Put 
the different kinds in rows by themselves, and mark 
each row, so that, when you want any particular one, 
you can get it without mistake.* 

You should also be provided with a blank-book 

* If pupils cannot get time to prepare for these exercises 
out of school-hours, they should be encouraged to do it during 
school-time. 



in wliich to write the results of study. Such a note- 
book is easily made by twice folding enough sheet- 
paper to allow a page to each kind of seed you have 
planted. Write the name of a kind, as pea, oat, etc., 
on each Buccessive page, till all are inserted. 

"When your seeds have soaked for a day or two 
in the wet earth, take a bean from the box and com- 
pare it with one that has not been planted. 

How has it changed in appearance ? 

Cut it in two and see whether, like a piece of 
chalk, it looks alike outside and inside, or whether 
the parts are unlike. 

Has it a. skin or shell that you can loosen ? 

Take a second bean from the box, cut carefully 
around it, and try to peel off the outer part. 



Sekd-coat, or Integ'tjment. — The skin or shell 
around the outside of a seed. 

Body, Eebnbl, ob NifcLEUS. — The substance 
within the seed-coat. 

Compare yonr specimen with Fig, 251. 

Can yon separate the seed-coat from the body of 
the bean as it is seen to be separated in the picture ? 

Now take a pea from your box and see if it is 
made up of parts. 
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Has it a seed-coat? Is there a kernel or body 
within the seed-coat } 

Try a pumpkin-seed. Compare the coat of a 
pumpkin-seed with that of the pea or bean. 

Are they alike in thickness? in hardness? in 
color? in transparency? Name all the differences 
you see between them. 

In the same way, take up and examine, one after 
another, some seeds from each of the rows. Find 
their parts, and compare the parts of one kind of seed 
with those of another kind. 

If you are not able at first readily to separate a 
seed into distinct portions, do not hastily conclude 
that it is without them. Let it lie in its warm, wet 
bed a while longer, and then try again.* 

Now write in your note-book just what you have 
discovered about the parts of seeds. For instance : 
if at the top of the first page you have written hecm^ 
on the line beneath you now write the question. 
Parts ? and the answer which you have found to this 
question — thus : 

PaHs f Seedrcoat Body. Coat^ thin, skinny ; 
or, on the page devoted to the apple-seed, you write 



* Mnch that is important in their experiments, children will 
fail to see, and they will fancy they see mnch that does not 
exist. Their omissions, misinterpretations, and difficnlties, can 
be dealt with in many ways, but a desire on the part of the 
teacher for nicety of experiment, and accuracy of statement, 
should never lead to discouraging criticism. To keep the child 
happily busy with his growing plants is the main thing, and 
all degrees of awkwardness and imperfection in childish per- 
formance should be tolerated. 
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Pa/rU f Seed-coat. Body. Coat^ woody ^ hrown^ 
ihvriy 

or, on the page for pumpkin-seed you say 

Pa/rUf Seed-coat. Body. Coat^ ahdlyy thichy 
limler. 

Write on all the pages of your note-book in this 
way, and keep it at hand for reference. 



EXEKOISE LV. 

Varts of the Body, or Kernel. 

When you have carefully examined all the seeds 
you planted to find the parts that make them up, you 
will be ready to study one of these by itself. After 
taking off the skin or coat of a seed, look closely at 
the body of it. Begin with a well-soaked seed of 
Indian com. 

Fio. 26S. 




Compare it with Fig. 252. 

Is your seed narrower at one end than the other? 
Are the two sides of it alike ? Is there a little pointed 
or rounded figure to be seen on one side ? 

Remove the skin and look carefully at the figured 
side of your specimen. Can you see a thick, lumpy 
body like the one marked a in the picture ? 
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Try, with a dull knife or the finger-nail, to pry 
this lump out of its bed. If the seed is soaked to its 
centre, you can easily do this. Look carefully at the 
hole it leaves. Is not its surface smooth ? Do you 
see any spot where the lump seems to have been 
grown to the other part, and to have broken away 
when you took it out ? 

Compare the parts you have got with Fig. 253. 

Fia. S68. 





Bmbiyo. 

Em'bryo. — The young plant contained in a seed. 
Albu'mbn, En'dospekm. — The material in which 
the embryo is embedded. 

What names are given to the two parts of the 
body of a seed of Indian corn ? 

Which is the embryo in your specimen ? Which 
is the albumen ? 

Now examine the kernel of a pea or bean. Can 
you separate this into two parts without breaking it 
somewhere ? 

Compare it with Fig. 254. 

Fio. 254. 



Embryo. 
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What name is given to the entire kernel ! What 
part, found in the Indian com, is missing here ? 

Look at the body of a seed of four-o'clock and see 
how many and what parts it has ? Look also at the 
body of a pumpkin-seed. 

Examine the kernel of each of the kinds of seed 
you have planted, and observe which consist of em- 
bryo alone, and which are part embryo and part 
albumen. 

At the same time, write in your note-book, as 
before, the results of observation. For example, to 
the question. Parts of the body ? write for Indian 
com, PaHs of hody? Albumen. Embryo. For 
Pea. Pa/rU of body f Embryo. 



EXERCISE LVI. 
Parts of the Embryo. 

Take out of the soil a bean which has begun to 
sprout. Kemove the seed-coat, and let the parts of 
the embryo separate, as seen in Figs. 255 and 256. 

Pig. 256. Fig. 256. 

Flamule. Radicle _ 

Plainnle. 



Cotyledon.. 




. Cotyledon. 

Cotyledon. H \\ \^m Badicle. 




Cotyle'don. — The bulky first leaf or leaves of the 
embryo— more or less formed before the growth of 
the seed begins. 
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Rad'iole. — The lower, or root-end, of the embryo. 
Pli/mulb. — The first — ^the terminal bud — the up- 
per end of the embryo. 

Gbbmina'tion. — The beginning of growth in a seed, 

Bead the names of the parts of the embryo given 
In Figs. 255 and 256. Look at the definitions of these 
W^ords. Compare your specimen with the figures, and 
|)oint out its Cotyledons; its Radicle; its Plumule. 
Handle your embryo with care, for it breaks easily. 
Has its radicle begun to put forth roots ? 

Take from your box a vigorous seed of Indian 

Fig. 267. 



Plnmnle. 



corn in which the roots have begun to grow, and 
compare it with Fig. 257. 

Separate the embryo and albumen, and, if it has 
grown as much as the one pictured above, you may 
easily find the cotyledon, the plumule, and the radicle. 

When you are sure that ypu have found the radi- 



THE SEED. 149 



cle or root-end of your embryo, that you know which 
part is cotyledon, and which plumule, take another 
seed of the same kind, but less grown — one where the 
root-end of the embryo has scarcely begun to swell — 
and see if you can find the parts. 



Fig. 268. 
: Plmnnle. 



Cotyledon, f Jl w Phunule. 

Wmim 

Badide. --^^^r 

Fig. 258 represents such an embryo with the parts 
shown. 

Point out and name the parts of the embryo of an 
apple-seed ; of a pumpkin-seed ; and of each of your 
specimens successively, as in former exercises. Which 
of your seeds has the largest plumule before growth 
begins ? Have you any in which the embryo has at 
first no plumule at all ? 

Have you failed to find cotyledons in any em- 
bryo looked at?* 

* If these experiments with seeds are made as early as April, 
in this climate, the children who have made them will be ready 
for more extended observations when planting in the garden 
begins. Most garden-seeds are too small to be separated into 
parts by young children. But, when growth begins, their parts 
enlarge, and a child, who has before studied larger seeds, will 
be able to identify the radicle, cotyledons, and plumule, without 
difficulty. In the kitchen-garden, a universal appendage of 
country-houses, the sprouting of the radish, onion, beet, parsnip, 
lettuce, tomato, carrot, cabbage, cucumber, etc., will furnish an 
excellent continuation of the study of seeds. 
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As the number of your observations increases, and 
their character varies, you will see more and more 
the value of your notes recording them. 

To the question of this exercise. Parts of Embryo ? 
you give the answers, as before, from direct observa- 
tion of the structure of the embryo itself. If some 
seeds give uncertain appearances, wait till growth 
has proceeded a little further before you decide about 
them. By premature judgments you may fill your 
note-book with errors which you will be compelled to 
erase. 



EXERCISE LVII. 



Monocotyledons and IHcotyledons. 



Fie. 259. 



Fie. 260. 




Cotyledon. 



Cotyledon. 




Cotyledoii. 



A Monocotyled'onous embryo has one cotyledon 
or seed-leaf (Fig. 259). 
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A Diootyled'onous embryo has two cotyledons 
or seed-leaves (Fig. 260). 

These are long, hard words, hard to pronounce, 
and hard to spell. But they are very necessary words 
in describing seeds. You can soon learn them. 

Go over the seeds you have planted, and point 
out the dicotyledons. Show the two thick leaves 
that were packed within the seed-coat when the seed 

ripened ? 

Are any of your seeds monocotyledonous ? K 

so, which? 

Figs. 259 and 260 were drawn from plants that 
had grown a little. When your seeds have also grown 
a little, compare them one after another with these 
pictures. Look at your young bean-plant. Find the 
first node above the cotyledons. How many leaves 
are growing there ? how many at the first node of 
the corn-stem ! how many in each of your growing 
seeds ? 

Observe whether the cotyledons in all cases rise 
into the light and air. Observe whether all cotyle- 
dons are shaped alike, and also whether they resem- 
ble the true leaves of the plant. Write carefully in 
your note-book the decision you have made in this 
exercise about each of your seeds. You will have 
occasion to refer to it as soon as your plants have put 
forth perfect full-grown leaves.* 

* A word of caution may not here be amiss. There is danger 
that the sympathy of teachers with bright and interested pupils 
will lead them to tell in advance what children can find out for 
themselves by continued observation. The connection between 
number of cotyledons and venation is an instance of such temp- 
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tation. This relation is an impressive one, and prominent in 
classification ; but there is no need of haste in getting to it. Bj- 
and-by, when the leaves of his growing plants are well developed, 
by the aid of his note-book, the pupil might be put in the way of 
discovery, by asking him to make a list of his monocotyledons, 
and to give their venation in each case. Let him do the same 
with his dicotyledons. He will now see a perfect uniformity 
of relation in a few cases, and will be curious to know if it is 
everywhere constant. He will thus arrive at the induction by 
his own observation. 



CHAPTEE VII. 
WOODY PLABTa 

EXEE0I8E LVm. 
7%€tr Diiferent Kinds. 

"What do you name all the soft, fragile plants that 
die down to the ground in winter?* Is there any 
name for all woody plants ! Do you know of any 
woody plantB.that are not trees ? If 60, what do you 
call them ! "What is the difference between a young 
tree and a bush % Between a bush and a shrub ! 

The following pictures and definitions are given 
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to help you in dlstiriguiahiiig one group of woody 
plants from another. After carefully looking them 
over, you sliould go through the streets and theiields, 
and whenever you see a woody plant, decide whether 
it 19 a tree, shrub, bush, under-ahrub, or vine. If yoo 
take with you a companion who is interested in the 
same pursuit, it will be all the better. 

Although trees vary much in size, height, and 
shape, and are often not nearly so tree-like as the one 
represented by Fig. 261, yet it is not easy to mistake 
them when fiiU grown. If you are donT»tful whether 
a particular plant is a tree or shrub, remember that, 
when a full-grown woody plant, less than fifteen feet 
high, is slender, and perhaps has several stems start- 
ing together at or near the ground, as seen in Fig. 
262, it is called a shbub. 



When a full-grown, woody plant, with several 
stems, is not more than five feet high, it is a bdsh. 
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And when only two or three feet high, whatever 
its shape, it is called an usdeb-shbdb. Slender, 
woody plantB that cannot hold themselves up, bnt- 
depend on other objects for support, or trail along 
the ground, are called vines. 

Besides this separation of woody plants into groups 
depending upon size and shape, they are again divided 
into two sorts, called Evergreen and Ceciduous. 

EvxBOBEEN trees, shmbs, etc., keep their foliage 
all Uie year round, 

DBCiD'nous trees, shrubs, etc., lose their foliage in 
winter. 

So that in winter it is very easy to tell Evergreens 
from deciduous plants. Look carefully at the foliage 
of Eveigreens, and see if it resembles that of Decidu- 
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EXEECI8E LIS. 
PartB of a Tree. 

Tia. M4. 



Tbonk. — The main stem of a tree. 
Head. — The branching top of a tree. 

Observe the varying lengths of the trnnka in the 
trees about yon. Measure the Bize around their 
trunks at different heights from the ground. Judge 
as well as you can at what distance from the ground 
the lowest limb starts from the trunk. Then test 
your judgment by measuring. 

If you call tlie branches that start from the tmnk 
primary, the branches which these put forth may be 
called secondary branches, and those given off next 
would be tertiwry branches. In observing the heads 
of trees, iix your attention upon a primary branch, 
and see if you can find these divisions. Observe 
whether the tertiary branches bear stiJl other branches. 



WOODT PLAMTa. 157 

FiQ. sets. 



f\r 



Caubex oe Stock, — An nnbranched trunk pro- 
duced bj tKe terminal bud alone (Fig. 265). 

CaowN. — The collection of leaves at the top of a 
caudex. 
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EXERCISE LX. 
Farte of the Trunk, 



In living trees there grows eacb year a ring of 
wood between the old wood and the bark, and by 
counting the rings you can tell the age of the tree. 
Fig. 266 is a picture of the end of a tree-trunk, A 
dark and light' streak, taken together, rfepresent a 
yearly ring of wood. Can you tell how many years 
it was in growing ? When yon see saw-logs, find out 
their ages by counting the rings. Observe whether 
these annual layers are always of the same thickness. 
Notice whether the wood of a tree, from the centre 
to the eircnmfereuce, is all of one color. 



WOODY PLAMTS. 

EXEE0I8E LXI. 
Unas of Trunk. 



Indcfluile TmDU. DcBuIte Trunk. 

Ah IsDEFiNrrB Tbunk ia one in wliieh the trunk 
nma through to the top, the terminal bud growing 
on from year to year with more vigor than any of the 
brancbeB. 

In a Definite Tetjnk the stem breaks np into 
branches, and so disappears, as seen in Fig. 268. 

HavB apple-trees definite trunks t 

Have pine-trees definite or indefinite trunks i 
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EXERCISE LXII. 
Quegtions about Tree»t 



WOODY PLAMTS. 
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What is the attitude of the trunk in Fig. 269 ? 

What is the form of the head i 

Which are the longest — ^the upper, lower, or 
middle branches ? 

What is the direction of the branches ? 

Are the branches much subdivided ? 

What proportion of the trunk is below the lowest 
branches ? 

Observe whether field-trees and forest-trees differ 
in this respect. 

Answer the same questions in regard to Fig. 270. 
Fig. 271. Fig. 272. Fig. 273. 

Which of these pictures represent definite trunks? 

Which indefinite trunks? 

If the head of a tree is cone-shaped, which of its 
branches are longest ? 

If the head is round, which are longest ? 

Mention all the differences you see between Figs. 
269 and 270. 

Between Figs. 269 and 271. 

Between Figs. 269 and 272. 

Between Figs. 269 and 273. 

Which of the pictures shows the most compact 
head ? 

Are its branches more subdivided than the 
others ? 

Now that you are somewhat acquainted with the 
woody plants of your neighborhood, find among 
them an evergreen and observe it carefully through- 
out the year. Describe, in your note-book, its ap-" 
pearance in winter. Watch it in spring, and note 
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the changes produced on it by the warm weather. 
See if any of its foliage ever falls ; or if it changes 
color in the course of the year. Watch for its flowers 
and fruit. Observe the appearance of its bark, and 
whether it looks the same in different parts of the 
tree. 

Make and record similar observations upon a 
deciduous tree. Describe its winter aspect. What 
time does it put forth leaves ? When does it flower ? 
Does its foliage change in color after it is full grown ? 
If so, how ? When does it fall ? Compare the bark 
of its trunk with that of its twigs.* Compare its 
bark with that of an evergreen. 

In the same way watch the progress of a fruit- 
tree, after carefully observing its appearance before 
growth in the spring begins. 

Every bush, shrub, and tree, passes each year 
through a succession of striking changes, which very 
few people ever observe. Let it be your purpose to 
see them all. 

* Twigs. — The remote ends of the branches. 
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CHAPTER Till 
THE I,£A7-Bin>. 



EXERCISE LJIII. 
rarta of the Leaf-bud. 




BnivScALEs, — The covering of winter hnds (Figs. 
274, 275). 

Geowdjg-Point. — The soft extremity of the stem 
at the centre of the bud, and enclosed in the yonng 
unexpanded leaves and the bnd-scalea a (Fig. 276). 

Uhexpanded Leaves are found in buds, as seen 
in Fig. 276. 

The time to study bud-aeales is in early spring, 
before the buds begin to swell. At this season gather 
buds from all the trees and shrubs within your reach. 

Observe whether the branches from which they 
are taken have terminal buds. 
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Are any of these buds without a protective cover- 
ing to the growing-point ? 

Observe in each case whether the scales are mem- 
branous, waxy, gummy, lined with down, wool, or 
dense hairs, or varnished upon the exterior. 

What is the use of the giimmy matter, varnish, 
and wax, around the bud ? 

Of what use are the woolly, downy, and hairy 
linings of the bud-scales ? 

What separates the gummed bud-scales when 
growth begins ? 

When you are familiar with the winter aspect of 
the buds upon the trees around, you will be interested 
in their unfolding. Observe what becomes of the 
scales on each of the trees you have examined. Scales 
may be changed into other parts, or they may fall off 
all together. Observe these changes. Notice the scars 
left by their Ml. 

Pet'iolab scales are formed from the petiole. 

Stip'ulab scales are formed from the stipules. 

Folia'ceous scales are formed from the blade of the 
leaf. 



EXERCISE LXIV. 
VertuUion. 

Vernation is the way in which leaves are folded, 
rolled, and arranged, in the leaf-bud. 

Observe the buds closely as warm weather ap- 
proaches. When they are just opening out, examine 
them to find the various ways in which the young 
leaves are folded or rolled. If you are watchful at 
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this time, jon will be sure to find them at a moment 
when the growing leaves have not yet smoothed out 
the shapes they had while in the bud. 

Fresh bads are also constantly appearing throngh- 
out the growing season, at the ends of stems and 
shoots* and in the axils of leaves. Observe the parts 
of such summer bnds, and learn in what ways they 
differ from winter buds.t 



EKc'LfflATE, or Inplesed'. — Folded from apex to 
base (Fig. 277). 

• Shoot, Anj freah branch, 

t Although the science of tlie folding and arrangement of 
the parts of boda has been called vernation (from vemalU, 
Bpring-time), yet ita study need not be reatricted to the spring 
season. All the featnrea of buds iUoHtrated here may be found 
equally well in anmmer npon growing plants. 
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C I e'c I N A T E. — Rolled 
from apex to base (Fig. 
378). 



CONDD'PLIOATE.— Folded 

along the mid-rib bo that 
the two halves are applied 
to each other (Fig. 279). 




Pli'cate. — 
Folded like a 
fan (Fige. 280 
and 281). 



Con'tolotb. 
— With the 
leaf rolled 
spirally 8 o 
that one edge 
is in the cen- 
tre of the coil 
and one out- 
side (Fig. 
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Ik'voldte. 
^With both 
edges rolled 
inward to- 
ward the mid- 
rib (Fig. 283). 



Eev'oh3te. 
—With both 
edgea rolled 
outward to- 
ward the mid- 
rib (Fig. 284). 
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When leaves are neither folded nor rolled in the 
bud, they are said to he flat. 

AKBANQEMENT OF LEATES DI TEE BCD. 
By the arrangement of the leaves in a hud is 
meant the ways in which they are placed in relation 
to each other. For instance, Fig. 285 shows what 
is called the equitant arrangement. 



EQ'uirANT, — ^When opposite condnplicate leaves 
overlap each other at the hase, as seen in Fig. 285, 
the arrangement is called equitant. 

Leaves are always arranged in one or other of the 
two ways called valvate and imbricate. 

The Val'vate arrangement is seen when the edges 
of corresponding leaves barely touch each other. 

The Im'bbioatb arrangement is seen when the* 
edges of the leaves overlap each other. Fig. 285 
shows an imbricate arrangement. 
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The directions for observing the folding and roll- 
ing of leaves apply also to the study of their arrange- 
ment. But there are several different ways in which 
imbricate leaves are placed, and it is sometimes quite 
difficult to make them out. The best way to study 
the arrangement of leaves in the bud is to cut off the 
top of the bud with a sharp knife, and look down on 
the cut edges, which will show not only whether the 
leaves are imbricate or valvate, but also, if they are 
imbricate, the particular mode of overlapping. In 
most cases, however, a magnifying-glass is needed to 
show the details of a complex arrangement, and so 
we shall leave the illustration of this branch of ver- 
nation to be taken up again in the Second Book of 
Botany. 

In your notes about trees you can now include 
your discoveries about the buds of the particular 
kinds of woody plants you are studying. 

Answer the following questions in regard to each 
sort by frequent observations made during their 
growth. Answer them in writing in your book for 
each of the woody plants that you have selected to 
study throughout the year. 

QUESTIONS ON THE BUDS OF A PLANT. 

When do the buds begin to swell ? 
How long are they in unfolding ? 
Are they naked, scaly, woolly, or gummy ? 
Can you find the growing point Within them ? 
Is there any appearance of leaves within them ^ 
What are the size, color, and structure, of the bud 
before swelling commences ? 
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How long is it from the first bursting of the bud 
till the leaves are full grown ? 

What changes of color do the leaves undergo 
during growth ? 

Are the first-formed leaves as large as those formed 
later in the season ? 

What becomes of the bud-scales as the buds unfold ? 



CHAPTEK IX. 
STEM AND BOOT. 



EXERCISE LXV. 
What are Moots? 

Carefully pull up a buttercup, or any common 
plant, and rinse away the dirt from the roots. 

Take the stem-schedule on page 63, and answer 
its questions as if they were asked concerning these 
roots. 

Look at the tip of the stem, or of one of the 
branches of the stem, and compare it with the tip of 
a rootlet. 

What is the difference between them ? 

What appendages has the stem that you do not 
find on the root ? 

How do the root and stem differ in color ? 

How in direction of growth ? 

Where do branches start from on the stem ? 
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Are they regular or irregular J 
Where do the root-branches start from ? 
Pull up another plant and examine the root and 
Btem in the same way. Do you find the same differ- 
ences as before 3 

Examine as many plants as you can, hy thus com- 
paring the root and stem, so as to find out for your- 
self the differences between them. 

Get a potato that has begun to sprout, and observe 
its surface 'i 

Have yon seen any thing like this upon roots J 
Did the potato grow under or above the ground t 
Have you ever found buds upon roots ? 



EXERCISE LXVI. 
Tubers, Bulbs, Conns, Shixotna, 



Tu'bers, thickened portions of underground stems. 



THE ElOBT BOOS OF BOTABT. 
Fio. 187. 



CoHM. — When the base of an tindergronnd stem 
is abruptly thickened so as to resemble a taber, it is 
called a corm (Fig. 287). 
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Bulb, — A mass of thickened, scale-like leares, 
growing from a flat or conical solid base, from the 
under eide of which, roots are given off (Figs. 
288, 289). 

Rhizo'ma. — A stem more or less covered by the 
soil, whicli gives off buda above, and roots below, as 
seen in Jig. 290. 



Point ont the root and the stem of an onion t 

Is the bulb a stem or root ? 

Examine a growing hyacinth, and find the root 
and the stem. 

Which is the root and which the stem in a lily ? 

Look for sweet-flag, blue-flag, peppermint, knot- 
grass, Solomon'a-seal, and try the etem-schedale as 
before, upon their entire underground portions. Ton 
will find flag in marshes and hy the wafer's side; 
Solomon's-seal, trillitim, artichoke, etc., in meadows 
and old gardens. If you cannot at once get abundant 
specimens illustrating this exercise, put it off till you 
have an opportunity to gather a good variety of such 
plants as are here named. 
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Observe the lower joints of the stem in the plants 
of a cornfield. Look at a good many of them. Can 
you tell whether the branches you see growing on 
this part of some of the stalks are stem-like or root- 
like? 

Observe the stem of ivy. Notice the little fingers 
it puts out for support. Are they stems or roots ? 

Would you now say that all the parts of plants 
growing above-ground are stems? Would you sav 
that all the parts of plants growing underground are 
roots ? 



CHAPTEK X. 

FEurr. 



EXERCISE LXVn. 
What is Fruit? 

Pluck from the vine of the pea or bean several 
pods of different ages, from one still enveloped by the 
flower, to one that is full grown. Compare the 
youngest pod you have gathered with Fig. 192. What 
part of the pistil becomes the pod ? Compare it with 
Fig. 193. How many carpels has the ovary of the 
bean or pea ? 

Observe the contents of this pod. 

Wh&,t name is given to these little soft bodies ? 

Answer. — O'vules. 

Compare these ovules with the contents of a ftdl- 
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grown pod. What are these full-grown ripe bodies 
called ? 

What name is given to pod and contents taken 
together ? 

Answer. — Fruit. 

What is every ovary and its contents ? 

Answer, — ^It is fruit. The fruit of a plant is its 
ripened ovary. 

By what words would you distinguish the young 
from the mature ovary ? 

Examine all the flowers that are just fading, and 
look for the ovules in their unripe fruit. Find the 
ovules of a young apple. Of an unripe cucumber. 
Of an unripe tomato. Of any unripe fruit you see 
growing within reach. 

• Observe the same plants when the fruit is ripe, 
and compare the aspect of the seeds with the appear- 
ance the ovules presented. 

Try to count the carpels in all the ovaries you 
examine. Observe whether they are grown together 
or not. Count the carpels shown in Fig. 197. Do 
you see the three white lines passing outward from 
the centre in this picture ? Should you judge that 
the carpels from which this picture was taken were 
grown together ? Search, among plants that are go- 
ing to seed, for ovaries resembling this one. 
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EXERCISE LXVm. 

Sutures and Dehiscence. 

Look among the ripe and dry pea and bean pods, 
upon the dry vines, for those that have begun to open. 
Examine the edges of the separate parts. Do you 
Bee something like a joint where the two parts were 
united ? Compare them with Fig. 291. 



DEHia'cENCE, — Tlie opening of a eeed-vesael at 
maturity. See Fig. 291. 

Sdt'uek. — ^A seam. The line along which dehis- 
cence occurs, and bo permite the escape of the seeds. 

Ven'tral SuTiTEE, — ^The inner suture of a carpel. 
The one looking toward the centre of the flower. In 
Fig. 291, it is the suture along which the ovules are 
attached. 

Dob'sal Sdtoee, — The outer suture. See Fig. 291. 

What name is given to those joints in ovaries at 
which they open when the seeds are ripe ? How many 
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fintnreB has a bean-pod) To which BQtare are the 
beans attached J 

When an ovary opens spontaneously, and thus 
liberates its seeds, it is called a DKmacENT ovaet. 
When it does not open, it is an nuiEmscENT ovary. 

Are there any indehiscent ovaries among the finiits 
of the garden or farm J 

Mention all the dehiscent ovaries you can think of. 

Again turn to Fig. 197, and compare it with 
Fig. 292. 

F1S.9S9. 

Apei 



Obtain the ripe fmit of Iris [flower de luce], and 
compare it with the pictures t Is it a dehiscent or 
indehiscent Irnit ? Can you find sutares at which the 
carpels open ? Wliat do you call the suture at which 
the seeds are attached J What do yon call the line 
in the outer wall of each carpel, opposite the ventral 
suture { 

Base. — The bottom of the ovary. The end a^ 
tached to the peduncle. Figs. 292, 293. 

A'pKx:— The top of the ovary. Fig. 292. 

Dissip'iMENTS. — The partitions between the cells 
of syncarpoos [carpels united] ovaries. Fig, 293. 




pABfarrBS.— The wall of the ovary. Fig. 293. 
Ax'iB. — The central part of the ovary where the 
ventral sutures join together, a, Fig. 293. 
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rarta of Carpels, 

Fia.SH. 



Vat-tes. — The parte into which carpels separate 
by dehiscence. Fig. 294. 

Plaoem'ta. — The cord along the ventral entnre, to 
which the ovules are attached. It is the "string" 
that pulls off in preparing string-beans for the table. 
pi. Fig. 294. 
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Find the placenta in full grown bean and pea- 
pods. Find it in little ones where you can just see 
the ovules. Observe the little stem by which the 
ovules and seeds are attached to the placenta. By 
what name iB it known? 

Answer. — ^It is called the funic'ulus. 

QUESTIONS UPON ANY OVABY. 

Is it dehiscent or indehiscent } 

IF DEHISCENT — 

How many carpels compose it ? 

Are the carpels grown together ? 

Point out the sutures ? 

Which is dorsal and which ventral ? 

Find the valves. The placenta. The funiculus. 

IF INDEHISCENT — 

Can you count the carpels ? 
Look for the ovules or seeds. . 
Point to the funiculus. The placenta. 
Point out the base of the ovary. The apex. The 
axis. The parietes. The dissipiments. 



CHAPTER XI. 
THE ACnonS OF PLANTS 



EXERCISE LXX. 
Moot^ction and Leaf-acUotw 



OovBE a tumbler with a piece of card-toard, cnt 
as seen in Fig. 296. Pull tip by the roots a yontig 
growing plant of any bind, and slip it root downward 
into the hole made in the centre of the card-board. 
Pour into the tumbler water enough to cover the 
roote, and expose the leaves to sunshine. 
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Into another tumbler of water with a similar 
cover put a second plant, leaves downward, as shown 
in Fig. 297, and expose it to sunshine. 

After a few hours, compare the two plants. How 
has it fared with the one that had its roota in water f 
What is the appearance of the other ? 

Let us now find, if wo can, what was going on in 
the plant that kept up ita freshness. 

Arrange a glass of water with a cover of slit card- 
board as before. Place in it a plant, root downward, 
and cover the leaves with a glass, as shown in Fig. 
397. Let it stand for a time in the sunshine. In a 
little while look at the inverted tumbler. What do 
jon see upon its inner surface ? Where did it come 
fromt What had the roots to do with it 3 
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Invert a tnmbler in this way above the roots of a 
plant placed as in Fig. 296. Do you, in this c(iBe,get 
moiatnre on the inside of the inverted tumbler? 
Can you not make leaves do the wort of roots? 

Strip a plant of its leaves and place it under a 
glass as in Fig. 297, with the roots in water. Place 
it in the snn as before and see if any moisture gathers 
upon the glass. 

What can be done by a plant with leaves, that 
cannot he done by a plant without leaves ? What, 
then, is one use of leaves ? 
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The action of the root in sucking np water is 
named absobption. 

The action of leaves in giving off water is called 
transpiration. 

The roots absorb. The leaves transpire. 

There are two more words that these experiments 
illustrate. The first of these is the word organ. An 
organ is any part of a plant or animal that does a 
particular kind of work different from that done by 
other parts. 

Is the root an organ ? What do your legs do that 
no other part of your body can do ? Are they organs ? 
Is your tongue an organ ? Are leaves organs ? 

The other word to be explained is function. Or- 
gans have functions. The function of an organ is 
what it .does. What is the function of your eye ? 
What is the function of a bird's wings ? What func- 
tion of roots have you discovered by your experiments ? 
What is one of the functions of leaves ? 

Remember that the particular work any organ 
does iff its function. 



LEAF SCHEDULES. 



SoHEDULE One. 
See Page 19, Exercises J., //., III.^ IV.y and F. 



Parts? 




Venation? 





SoHEDULE Two. 

See Page 2T, Exercise VL 



[ 

Parts? 




Venation? 




Margin ? 



Schedule Thbee. 
See Page 80, Exercise VIL 



Parts? 




Venation? 




"Margin ? 




Base? 





LEAF SCHEDULES. 
SOHEDULB FOUB. 

See Page 32, Exercise VIIL 
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Parts? 




Venation ? 


■ 


Margin ? 




Base? 




Apex? 


• 



SOHEDTTLE FiVB. 

8ee Page 34, Exerdse IX, 



Parts? 




Venation ? 


' 


Margin ? 




Base? 




Apex ? 
Lobes? 


• 





9 
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LEAF SCHEDULES. 



8ghedule Six. 
See Page 86, Exercise X. 



Parts? 



Venation ? 



Margin ? 



Base? 



Apex? 



Lobes? 



Sinnses ? 



SoHBDULB Seven. 
See Page 88, Exercises XL and XIL 




^^l 



LEAF SCHEDULES. 
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SoHEDULB Seven. — {Continued^ 



Apex? 




Lobes ? 




Sinuses ? 




Shape ? 





SoHBDVTLB Eight. 
See Page 4A:, Meerdses XIII. and XIV. 



Kind? 


• 


Venation? 


• 


Margin? 




Base? 




Apex? 




Lobes? 




Sinuses ? 


• 


Shape ? 
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LEAF SCHEDULES. 



BcHBDULB Eight. — (Continued,) 



Petiole ? 




Color? 




Surface? 





SOHBDTJLB NiNB. 

See Page 60, Exercise XV. 



Parts? 


« 


No. of Leaflets? 





SOHEDTJLB TbN. 

8ee Page 51, Exercise XVL 



Parts? 




No. of Leaflets ? 




Kind? 




• 



STEM SCHEDXTLES. 
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SOHEDULB ElETEN. 

See Page 56, Exerdm XVII. arid XVIII. 



Parts? 




No. Leaflets ? 




Kind? 


• 


Variety ? 


• 



-♦♦♦- 



STEM SCHEDULES. 



80HEDTTLB Twelve. 
See Page 63, Exercises XXL and XXIL 



Parts? 



Appendages ? 



Leaf. — 
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STEM SCHEDULES. 



SOHEDITLB ThIBTEEK. 

See Page 65, Exercise XXIII. 



Appendages? 




Leaf-position ? 





Leaf.- 



SoHEDULE Fifteen. 
See Page 68, Exercise XXIV, 



Appendages ? 



Leaf-position ? 



Leaf-arrangement ? 



Leaf. — 



BoHEDULE Sixteen. 
See Page 70, Exercise XXV, 



Appendages ? 



Leaf-position ? 



Leaf-arrangement ? 
Shape ? 



Leaf. — 



8T<EM SCHEDULES. 
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SCHEDXTIiB SbvENTBEN. 

See Page 74, Btereise XXVL 



Appendages? 




Leaf-position ? 




Leaf-arrangement ? 




Shape ? 




Attitude? 





Leaf.- 



ScHBDxiLB Eighteen. 
See Page 76, Exercise XXVIL 



Appendages? 


• 


Leaf-position ? 




Leaf-arrangement ? 




Shape ? 




Attitude? 




Color ? 
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INFLOBESOENOB SCHEDULES. 



Schedule Eighteek. — (Contiivued.) 



Surface ? 




Size? 




Structure? 





Leaf.- 



-♦•♦■ 



mrLOEESOEli^'OE SCHEDULES. 



SoHEDULB Eighteen. 
See Page 81, Exercises XXVIII., XXIX., and XXX. 



Parts? 




Attitude ? 





Leaf.- 



Stem. — 



INFLOBESCENOE SCHEDULES. 
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SoHEDULB Nineteen. 
See Page 86, Exercises XXXI, and XXXII. 



Parts? 




Attitude? 




Position ? 





Leap. — 



Stem.- 



SoHEDULB Twenty. 
See Page 89, Exercise XXXIII. 



Parts? 




Attitude ? 




Position ? 




Kind? 





Leap.- 



Stem. — 
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INFLOBESOENCE SCHEDULES. 



80HBDXTLE TWKNTT-ONB. 

Bee Page 95, Exercise XXXIV. 



Parts? 




Attitude? 




Position ? 

* 




Kind? 


/ 


Variety? 





Leaf. — 



Stem. — 



FLOWEB SOHEDTTLES. 
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FLOWEE SCHEDULES 



SOHEDTTLB TwBNTT-TWO. 

See Page 98, Exercises XXXV., XXXVL, a/nd XXXVIL 



NameB of Parts. 


No. 


Calyx? 




Corolla ? 





Leap. — 
Stem. — 
Inflobescenoe. — 

SOHKDXTLE TWElffTT-THEEB. 

See Page 98, Exercises XXXV., XXXVI.. and XXXVU. 



Names of Farts. 



Peiiantli ? 



No. 



Leaf.- 

Stem.- 



Intlorescence. — 
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SOHEDULB TWKNTT-FOUB. 

Bee Page 100, Exercises XXXVIIL and XXXIX, 



Names of Farts. 


No. 


Description. 


Calyx? 






Corolla ? 







Leaf. — 
Stem. — 
Infloeesoenoe.- 



SOHEDXTLB TwENTT-PITE. 

See Page 102, Exercise XL, 



Names of Parts. 


No. 


DescriptioD. 


Calyx? 






Corolla ? 







^ 



Leaf. — 
Stem. — 
Inflobesoenoe.- 



flower sohedules. 

Schedule Twenty-six. 
8ee Page 102, Exercise XL, 
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Names of Parts. 


No. 


Description. 


Perianth ? 







Leaf. — • 
Stem. — 
Inflokescenoe. — 



SOHEDTJLE TwBNTT-SEVEir. 

8ee Page 104, Exercise XLL 



Names of Parts. 


No. 


Description. 


Calyx? 






CoroUa? 






Stamens ? 







Leaf. — 
Stem. — 
Infloeescence." 
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SoHEDUiB Twenty-eight. 
See Page 106, Mereises XLIL and XLIIL 



Names of Parte. 


No. 


Descriptioii. 


Calyx? 






Corolla ? 






Stamens ? 






Pistil ? 







Leaf. — 
Stem. — 
Inflobescenoe. — 



Note. — This is the last form of schedule in the book. As 
the pupil passes on from exercise to exercise, he will be en- 
abled to add one feature after another to his descriptions ; but 
the mode of inserting these new points will not make any 
change in the form of the schedule. 



OPINIONS CONCERNING 



FIRST BOOK OF BOTANY. 



It is bnt rarely that a school-book appears which is at once 
BO novel in plan, so snccessM in execution, and so salted to 
the general want as to command universal and unqualified ap- 
probation, but such has been the case with IkGss Youmans's 
First Book of Botany. Her work is an outgrowth of the most 
reqent scientific views, and has been practically tested by care- 
M trial with Juvenile classes, and it has been everywhere wel- 
comed as a timely and invaluable contribution to the improve- 
ment of primary education. We select the following out of the 
mass of testimonials which have come to us from the highest 
sources, and commend them to the attention of teachers, par- 
ents, and boards of education : 

From Pbof. John S. Habt, Piineipail<(t th$ TVmUm. ITormal Sehod. 

This little book seemB to me to rapply the reiy thing needed in onr course 
of primary instroction. I refer not to the stady of botany, bnt to the method 
/If studying it here dereloped. We hare here a Iborth Ihndamental branch of 
Btndy, which shall aflbrd a systematic training of the obsening powers; and 
Its general introduction into onr primary schools would worka great and most 
Important revohition in our whole system of education. 
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Natural hlatoiy Is about as wen Boited to be taught by a text-book aa mo* 
rality or reUgfon. If a book moBt come into the boBinesSf it will be good in 
proportion to its wdit of an the characters which belong to the class. Judged 
by this standard, we must award the unpretending work of Miss Youmann 
high praise. The authoress has unquestionably the true conception of the duly 
of the teacher. Every effort is made to keep tiie attention of the student upon 
the object to be studied, and so wen has she succeeded that one may safely say 
that the student can do nothing with the book unless he has the specimen in 
hand. The plan is so arranged as to be suitable for a primary school, but the 
method is one which may apply to the con^ge as weU. We heartily recom. 
mend erery teacher in any department of natural science, who is wise enough 
to doubt the perfection of his methods, to look over this book. 

As an appendix, the authoress gives us her opinions on the educational 
claims of botany. Although she assigns a high yalue to this study, it is not 
a higher value than any teacher, who has had varied experience in teaching 
natural history, must award to it The proper road into the biological sd^ 
ences is certainly through the vegetable kingdom. The material is more ac> 
cessible ; the forms are less influenced by vitaUty, and the problems are not 
so complicated ; and, in giving us this good guide for the student and better 
guide for the teacher, lOss Youmans has earned the thanks of aU those who 
desire to see education what it should be. 

jnvm EnwABD Suth, SuperifUmdent qf Sclwdls^ Syrcteute,, N, T, 

Miss Youmans^s Botany Is the only work I have ever seen that meets the 
wants of our schools in the lower grades. I beUeve it win do more to turn the 
attention of instructors into the proper channel for the education of childreii 
than any thing heretofore published. 

From Pbof. Wx. F. Phelps, Princ^xaqfOis Normal Sehooi, Winona^ Minn, 

1 am delighted with this little work. Itgives us a tdsnt^fie plan for the de- 
velopment of the observing powers of the young. Send us at once 150 copies 
for the use of this InstitutioD. 

After using it several weeks. Prof. Phelps thus closes an elaborate notice 
of the book in the Winona S^mblican : 

Every class in the institution is now devoting a regular portion of its 
time, daily, to this study pursued In this practical way. The results thus fiur 
are highly satisHiictory. It has awakened a new interest in study throughout 
the school. Many, who have heretofore been indifferent in tl^eir work, have 
taken hold with great zeal, and are parsuing this fascinating branch with ardor 
and enthusiasm. It is no uncommon spectacle, as we are informed, to see 
diOdren occupying their play-hours with a bunch of plants, and, book in hand, 
pursuing this study as a pastime. This, surely. Is an unerring test of its 
value, as it is the highest recommendation that could be given of its adaptation 
to the wants of our primary schools. We heartily commend the book to pax 
■nts and teachers everywhere. 
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FromJ}, O. ^ooyujM^SupertnUndeniqtScf^och^ Bay OUy^ Mkh, 

Miss Yoomans^B Botany hM been anbmitted to Beveral of our teachers, and 
ire are a unit in the opinion that it is the best book of the kind and degree yet 
published. It promises to do what no other I know of can do— enable teach- 
ers in the Junior and even the primary grades of our public schools to teach 
botany in a scientific and systematic, yet simple and fttscinating manner. 
Another year yon may be sure we shall call on you for a large number of these 
books. 



From Wx. L. Diokinsok, Superintendent qfPvUUe Sehooh^ Jersey OUy, 

I shall recommend Miss Toumans^s Botany as the best book of the present 
age, in the science of botany, for beginners. 

Ihnn the New York lY&iune. 

The strong point of lOss Tonmans*s book is that it combines methodical 
object-study with the acquisition of an established branch of knowledge ; and 
we cordially recommend it to teachers as a Taluable contribution to educational 
progress in one of its most important aspects. 

From BiY. S. Lookwood, Fh. D., 8upt, qfPub, Inet.<, Jfonnwuth Oo.^ N, J, 

I hare been anxiously looking for Miss Youmans^s work with much hope, 
but not without fear; for school-books are so often the eroMngs of crotch- 
ety egotists ; they promise so much and ftilfll so little, that caution in regard 
to promises is in^spensable. But my best expectations of this little book hare 
been fairly met An examination of It has begotten very positire convictions 
as to its merit I regard Its method as the true initiatire key to botanical 
and zoological science. By this I mean the mastery of the technical terms 
and elementary fltcts on the ridlftil handling of which so much depends in 
the correct determination of species. It is here that the usual teaching is 
loose, indistinct, and repulsire, and it is precisely here that the method of this 
work is incisire and aliye with interest. I am confident that the plan of 
the late Prot Henslow, here unfolded, will do the same for the obsenring fho- 
nlties that mathematics accomplish for the reasoning powers. 

From y. a Donei.As, aupertntendeat qfSehoole, Otwego^ 2f, T, 

I am yery much pleased indeed with Miss Yonmans^s work, and beliere it 
to be most admirably adapted to the wants of children and youth. 

From W. A. HAMXoim, M. D., lYtifeftor of DUecuee of the Mhid <md Nervom 
System^ Bettevue Bupital Medical OoUege, New York, 

This is the best manual of the kind IliaTe erer seen, and it is the only true 
method of teaching botany; it should be adopted in aU branches of natural 
histoiy. 
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^wn (he New York WaridL 

We httfe Mcn no book of fhe kind for a long time which ii to waD cale»< 
Iftted to be an aid to the teacher and a delight to pnpUa. 

From Wx. Boimr, A. H., Prine^ital <f Staneatdee Academif. 

Bhonld I speak as atronglj as my approbation of IOsb Yoamans^B object 
and method would warrant, I might be thooght eztraTagant This book 
should be tntrodnced into erery prlmaiy and ccmmion sohool, and Mo eoerp 
fanUly, in tfU land. 

From W. JoHHsoH, £htperintendeni tfBdyotilMtfihe BtaU if MaHne, 

As a text-book for beginners. Miss Yonmans^s work is almost fl m l t l e ii. 
The arrangement and development seem to me most natanU. 

From the OaUuBif, 

Miss Yomnans*B daborate essay cannot fitil to attract the attention of 
thonghtfhl teachers, as it not only goes to the root of edacational questions, 
bat is an admirable example of lucid and forcible presentation. It is no 
yagne and aimless criticism of existing school methods. Nothing is easier 
than to x)olnt out defects ; nothing harder than to remedy them. But the author- 
ess not only shows what is lacking ; she offers what is wanting. She has de- 
reloped a plan of botanical study in which there are no ** lessons ** to be learned, 
but which carries the pupil straight to the liring objects, and secures the con- 
tlDuous action of the mind upon them. !BOss Youmans has rendered a rery 
important service to elementary education in the preparation of her book. 

From Sakusl G. Low, Buperimtendent of Schoole^ Jamutown^ N, 71 

I am greatly pleased with this work. It is a wonder that some one did sot 
think to treat the subject of botany in the same way long before this. 

From O. 0. Piokaxd, FriwApail Bigh School^ MBwaukeey Wis, 

lOss Youmans^s Botany is a book long needed, and ought to come at once 
Into popular use and be made a text>book in all our primaiy schools. The 
advantages of making botany a fourth study— If not too many to be enumerated 
—are, it seems to me, too great to be measured. 

From fhe Ohrietkm VnHon, 

No greater service can be rendered to education than to rescue It fh>m the 
stupefying routine of mere verbal acquisition by any method that wiH stimu- 
late the curiosity, arouse inquiry, awaken observation, and provoke inde- 
pendent thought. Miss Youmans has skilAiUy adapted her book to the at 
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Ulnment of these objects, and, in doing this, she hat earned the cordial thanks 
of all the best friends of education. 

From the Kansas Educational JoumaL 

We have no hesitation in prononncing this book much above the averag*' 
of *^ First Books ^^ in science. It is the earnest desire of the author— and to it 
we add our own— that botany be taught in public schools of all grades. It 
is the science of all sciences for children. 

Fr<jm Bdwabd Bbooks, Prin. qf the State Normal School, MUlersviUe, Pa, 

The First Book of Botany is both a noyelty and a success ; two things not 
often contained in a text-book. 

From the Ohio EdttcaHonal Monthly, 

Here at last is a manual /<7r teachers presenting a simple and well-graded 
course of oral instruction in botany. Its aim is to show the teacher how to 
lead his pupils step by step to an elementary knowledge of plants, and to 
this end the successive lessons are so fully sketched and Illustrated that no 
teacher with ordinary skill and energy need &il of success. 

F^vm the Journal q^ AppHed ChmnHstry, 

SQss Youmans^s manual can be recommended as aflTording an admirable 
foundation for the study of botany, and can be profitably used by parents aa 
well as teachers. 

From the J^ndependent 
lOsfl Youmans Is on the right track, and her work is admirably done. 

From the Ohio Farmer, 

This is not a great book nor ui>on a new subject, but It Is a yery hnporCanl 
fanproTement in the way of teaching botany. 

From J. H. Hoosb, Superintendenl Slate Normal School, Cortland, N T. 

I have pleasure in recommending the extensive introduction of Miss You 
mans*s book into the schools of the country. I think it superior to any ele 
mentary work upon this subject that has previously come under my observe 
tion. 

Fnm M. A. Maobonau), Frindpciqf the Locust VaOetf, L. /., Pubttc School 
I have been at some pains to give this book, and especially the system em 
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plojred in the work, a careftil study ; and bare no hesitation in giving both 
my qnqnallfled preference to eveiy thing I have seen on the enbject elsewhere 

From B. A. Afoab, SuperifUenderU qfPub, ^Mt. ^n New Jeney. 

This is just the book I would desire to pat into the hands of all childreD 
eommencing botany. 

From Hbs. Bbxjjt, PrtnOpalttfUuFemaie Seminary at Batavia, 

Nothing better can be said of Miss Yoomans's fresh and well-arranged 
book, than that it is exactly what was wanted. This is the opinion I formed 
opon its ilrst examinatioo, and which has been confirmed by its use in oar 
histitation. 

From 0. G. Oolunb, 8f^, Pub. SOode^ JVUke^arre^ Pa. 
Miss Yoamans*s little book most accomplish mnch in oar schools. 

^wn the Sistert qfthe Sacred Heart. 

As a text-book for classes, we consider liOss Yoamans*s book the best thai 
we haye seen. 
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649 & 651 Broadway, New Tork. 



Appletons' Standard Scientific Text-Books. 



yonxnans's Fizst Book of Botany. Designed to cultivate the Observing 

Powers of Children. By Eliza A. Youmans. zamo. 183 pages. $z.oo. 

This little book has proved a wonderful success, and is emphatically a step in the 
right direction. Although it has been issued but a short time, it has been adopted for 
use in the cities of Chicago, St. Louis, New York, Columbus, NashvUle, Milwaukee, 
etc., etc., and in the States of Maryland, Illinois, and Arkansas. It is to be speedily 
followed by the Second Book of Botany and six large and beautifuUy-coIored Botanicsu 
Charts, after the plan of Henslow. 

Hon. Superintendent Bateman, of Illinois, savs : " As a sample of the true method 
of teaching the elements of science in primary schools. Miss Youmans's book is deserv- 
ing of the highest praise. In this respect I have seen nothing equal to it.^ The same 
method, pursued in all the natural sciences, would soon give us a generation of accu- 
rate and mtelligent young observers of natural objects and phenomena, and change for 
tile better the whole tone and character of common-school instruction. 

" Nkwton Batsman, Suft Public Instruction** 

IiOOkyer'8 Astronomy, accompanied with numerous Illustrations, a Colored 
■epresentation of the Solar, Stellar, and Nebular Spectra, and Celestial Charts of 
the Northern and the Southern Hemispheres. American Edition^ revised and 
specially adapted to the Schools of the United States, zamo. 3Z3 pages. 

QnaokenbOB's Natnral FhilOBOphy. Revised Edition. Embracing the 
most recent Discoveries in the various Branches of Physics, and exhibiting the 
Application of Scientific Principles in Every-day Life. Adapted to use with or 
without Apparatus, and accompanied with Practical Exercises and numerous Illus- 
trations. x2mo. 450 pages. 

Quackenbos's Philosophy has long been a fiivorite Text-Book. To those who have 
used it, no words of commendation are necessary ; to those who have not, we would 
earnestly suggest a careful examination of its claims. We would here merely say that 
it has recendy been thoroughly kevisrd, in view of recent discoveries in Physics, 
and the general acceptance of new theories respecting Heat, Li^ht, and Electricity, 
the Correlation and Conservation of Forces, etc The present Edition is in all respects 
an accurate exponent of the present state of science. 

Huxley and Toxunans's Fhyviologry. llie Elements of Physiology and 
Hygiene. A Text-Book for Educational Institutions. By Thomas H. Huxley, 
F. R. S., and William Jay Youmans, M. D. xamo. 430 pages. 

Nicholson's Text-Book of GeolOflry. Well condensed, accurate, and clear, 
xamo. 366 pages. 

Nioholson's Text-Book of Zooloflry. A comprehensive Manual for the use 
of Academies and Colleges. By Prof. Nicholson, of Toronto, xamo. 353 pages. 

Wrase's Oerman Grammar: based on the Natural Method— Zan^vM^^ be- 
fore Grammar, Teaches German rapidly, pleasandy, and thoroughly, xamo. 
350 pages. 

Xmsi's New Series of Drawinfl^-Books : Teacher's Manual, and Synthetic 
Series of Inventive Drawing (4 Nos.), now ready. Something new and excellent 
— one of the most valuable and efficient of educational agencies. 

Send, for Catalogues and further information, to 

D. APPLETON & CO., 549 & 551 Broadway, N. Y. 



D. APPLETON A CO: 8 PUBLICATIONS. 



Cornell's Physical Geography: 

ACCOMPANIED WITH NINETEEN PAGES OF MAPS, A GREAT VARIETY OF MAP 

QUESTIONS, AND ONE HUNDRED AND THIRTY DIAGRAMS AND 

PICTORIAL ILLUSTRATIONS ; AND EMBRAdNG A 

DETAILED DESCRIPTION OF THE 

F'hyHcal Features of the United States* 

By S. S. OORN-EIili. 
lYoL Large 4to. 104 pages. 



The attention of teachers is particularly requested to this new volume 
by the Author of Cornell's popular Series of Greographies, in the belief 
that it will be found to embrace all that is valuable and interesting in 
this important branch of study, and to be, beyond competition, the heit 
text-book on the subject. It is no mere rehash of time-honored details, but 
has been drawn from original sources, and is on a level with the present 
advanced state of the science. Clearness, adaptation to the school-room, 
inductiveness of arrangement, and the presentation of one thing at a 
time and every thing in its proper places-features which have contrib- 
uted so largely to the success of the other Geographies of the Cornell 
Series — are among its striking characteristics. 

It is interesting to the learner. The dry statistical style usual in 
similar text-books has been avoided, and the great wonders of Nature, 
always fascinating to the inquiring nund, are presented in the most strik- 
ing maimer, so as to rivet the attention and impress the memory. 

The iUustrations are numerous and beautiful, and are used wherever 
it was thought they would help to elucidate the text. Maps and diagrams 
have been liberally introduced. The maps are executed in the finest 
style of the art— carefully drawn, distinctly engraved, and tastefully col- 
ored according to the most approved style. Each map is accompanied 
with questions in great variety. 

The physical features of our own country receive particular attention 
in a closing chapter. The student is aided by a fine Physical Map of the 
United States, which (in addition to the features usually presented) shows 
the mean annual temperature of difi*erent parts of the country, the vege- 
table products of different sections, and their mineral resources, the rela- 
tive values of the precious metals produced in the several States being 
clearly represented to the eye by an ingenious plan. A Map of Alaska, 
on a comparatively large scale, is also presented. 

It is believed that the above features, besides others which there if 
no apace here to enumerate, cannot fail to recommend this work to alL 



D. AppleUm <t Co., New York, havt now ready, 

A NEW 

CLASS-BOOK OF CHEMISTRY, 

IN WHICH 

THE LATEST FACTS AND PRINCIPLES OF THE SCIENCE ARE 

EXPLAINED AND APPLIED TO THE ARTS OF LIFE 

AND THE PHENOMENA OF NATURE. 

A NEW EDITION, 

BNTIBELY RBWEITTEN AND MUCH ENLABGED. 

WITH 

S^tt f imbreb anb €m fngrabhtjs. 



By EDWARD L. YOUMANS, M.D. 

12mo. 460 pagreB. 
The special attention of Educators is solicited to this work, on the fol- 
lowing grounds : 

I. It brings up the Bclenoe to the present date, incorporating the new discov- 
eries, the corrected views and more comprehensive principles wliich have resulted 
ftx)m recent inquiry. Among these may be mentioned the discoveries in Spectrum 
Analysts^ the doctrines of the Conservation and Correlation ofForcea^ the researches 
of Berthelot on the Artificial Production of Organic Su^fstances^ the interesting re- 
searches of Graham on the Crystalloid and Colloid condition of matter, with many 
other results of recent investigation not fouDd in contemporary tezt-1x)oks. 

II. Avoiding excess of technicalities, it presents the subject in, a lucid, forcible, 
and attractive style. 

III. It is profusely illustrated with cuts of objects, apparatus, and experiments, 
which enable the student to pursue the subject alone or in schools without ap* 
paratus. 

IV. Directions for experimental operations are much condensed, and descrip* 
tions of unimportant chemical substances are made very brief, or altogether omit' 
ted, thus obtaining space to treat with unusual fulness the "chemistry of common 
lire," and the later revelations of this beautiful science. 

V. It presents just such a view of the leading principles and more important 
facts of the science as is demanded for the purposes of general education. 

VI. The work is arranged upon a natural method, the topics being bo presented 
as to unfold the true order of Nature's activities. Part I treats of the natural 
forces by which matter is transformed. Part II, of the application of these forces 
to the lower or mineral world. Part III, of the organic kingdom, which rises out 
of the preceding ; while Part IV, or Physiological Chemistry, completes the scheme 
in the world of life. 

VII. It presents the science not only as a branch but as a means of education— 
a valuable instrumeat of intellectual culture and discipline. 

VIII. It gives a clear exposition of the origin and nature of scientific knowl- 
edge and the value of scientific studies for puri>oseB of education. 

A Specimen Copy for examination will he eent^ post paidy on 

receipt of 62 eenta. 



D, APPLETON d: CO:S PUBLICATIONS, 

_ 

Quackenbos^s Standard Text-Books: 

AN ENGLISH GRAMMAR : 12mo, 288 pages. 

FIRST BOOK IN ENGLISH GRAMMAR : 16mo, 120 pages. 

ADVANCED COURSE OF COMPOSITION AND RHETORIC: 

12mo, 450 pages. 
FIRST LESSONS IN COMPOSITION : 12mo, 182 pages. 
ILLUSTRATED SCHOOL HISTORY OF THE UNITED STATES: 

12mo, 588 pages. 
ELEMENTARY HISTORY OF THE UNITED STATES: Beauti- 

fully illustratad with Engravings and Maps. 12mo, 230 pages. 
A NATURAL PHILOSOPHY : Just Revised. 12mo, 450 pages. 
APPLETONS' ARITHMETICAL SERIES : Consisting of a Primary, 

Elementary, Practical, Higher, and Mental Arithmetic. 



BenJ. Wilcox, A. M., Frbio. Biver Falls Acad., Wis.: "I have taught in semi* 
naries in this State and in New York ibr more than twenty years, and am ftmiliar with 
most of the works that have been issued by different authors within that period; and I 
consider Quackenbos^s Text-Books the motst tmeooceptioruU in their respective depart* 
ments.^^ — O. B. Tillinfirhast, Princ of Academy, Moosop, Conn.: ^I think Quack' 
enbos's books the nearest perfection of any I have examined on the various subjects 
of which they treat" 

PreB. Savafire, Female College, MIQersburg, Ky. : "■ Mr. Q. certainly possesses rare 
qualifications as an author of school-books. His United States Histor7 Tiaa no equals 
and his Ehetoric is really i»<ii8p«n«a&?6."— David T. Shaub, Pws. Teachers' Inst, 
Fogelsville, Pa.: "I approve of all the Text-Books written by Mr. Quackenbos."— Eev. 
Dr. Winslow, N. Y., Author of "Intellectual Philosophy:" "All the works of this 
excellent author are characterized by deamess, accuracy, thoroughness, and complete- 
ness; also by a gradual and continuous development of ulterior results from their pre- 
viously taught elements." 

Eev. Dr. Hivem, Pres. "Wesleyan University: "I cordially approve of all the Tert- 
Books edited by G. P. Quackenbos."— W. B. MoOrate, Princ Acad., E. SulHvan, 
Me. : " Quackenbos's books need onty to be known to be used in aU the schools in the 
State. Wherover they are introduced, they are tm^eraaXl/y UkedJ^-^Sia, B. Bus, 
County Supt of Schools, Council Bluflfe, Iowa: "Aoy thing that has Qtiackenbos's 
name is sufficient guarantee* with me."— Methodist Quarterly -Bevlew, Jan. 
1860: "Every thing we have noticed from Mr. Quackenbos shows that the making 9t 
bookb of this class is his proper vocation." 



Single copies of the above Standard works will he mailed^ post-paid^ for 
examination, on receipt of otie-half the retail prices. Liberal terms made 
for introduction. Address 

D. APFIiETON & CO., Publiahers, 

549 db 551 Broa^dAJDoy^ New York. 
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